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Title  29— Labor 

CHAPTER  XVII— OCCUPATIONAL  SAFETY 

AND  HEALTH  ADMINISTRATION,  DE¬ 
PARTMENT  OF  LABOR 

PART  1910— OCCUPATIONAL  SAFETY 
AND  HEALTH  STANDARDS 

Emergency  Temporary  Standard  for 
Diving  Operations 

Pursuant  to  sections  6(c)  and  8(c)  of 
the  Occupational  Safety  and  Health  Act 
of  1970  (the  Act)  (84  Stat.  1596,  1599; 
29  U.S.C.  655.  657),  Secretary  of  Labor’s 
Order  No.  8-76,  and  29  CFR  Part  1911, 
Part  1910  of  Title  29,  Code  of  Federal 
Regulations,  is  amended  by  adding  a  new 
occupational  safety  and  health  standard 
for  diving  operations  as  Subpart  T,  be¬ 
ginning  at  §  1910.401.  The  standard,  set 
forth  below  is  issued  as  an  emergency 
temporary  standard  (ETS)  and,  in  ac¬ 
cordance  with  section  6(c)  (2)  and  (3)  of 
the  Act,  will  be  superseded  by  a  perma¬ 
nent  standard  within  six  months.  The 
standard  takes  effect  on  July  15,  1976, 
and  applies  to  all  employments  covered 
by  the  Act. 

Pursuant  to  section  6(c)(3),  the  Oc¬ 
cupational  Safety  and  Health  Admin¬ 
istration  (OSHA)  will  shortly  commence 
a  rulemaking  proceeding  under  section 
6(b)  of  the  Act.  The  ETS  will  serve  as  a 
proposed  final  rule,  along  with  other  sub¬ 
sidiary  proposals  which  will  be  published 
pursuant  to  29  CFR  1911.12.  It  is  OSHA's 
intention  to  publish  an  additional  pro¬ 
posal,  encompassing  those  areas  of  oc¬ 
cupational  safety  and  health  considered 
appropriate  for  the  agency’s  permanent 
regulation  of  diving  operations. 

The  development  of  a  permanent 
standard  will  be  conducted  pursuant  to 
section  6(b)  of  the  Act,  under  which  the 
Secretary’s  determination  of  the  sub¬ 
stantive  provisions  of  the  final  standard 
will  be  based  on  the  entire  record  devel¬ 
oped,  including  public  comments  and,  if 
requested,  informal  rulemaking  hearings. 

The  United  States  Coast  Ghard  which 
has  jurisdiction  over  certain  matters  of 
maritime  safety  and  health  (see  40  FR 
33681,  August  11,  1975)  will  participate 
with  OSHA  in  developing  permanent  oc¬ 
cupational  safety  and  health  standards 
for  diving  operations.  In  order  to  maxi¬ 
mize  the  resources  and  expertise  avail¬ 
able  to  the  respective  agencies,  a  joint 
rulemaking  proceeding  is  contemplated. 
The  Coast  Guard  has  indicated  its  inten¬ 
tion  to  promulgate  under  its  statutory 
authority  occupational  safety  and  health 
standards  applicable  to  diving  operations 
from  inspected  vessels,  in  deepwater 
ports,  and  from  artificial  islands  and 
structures  on  the  Outer  Continental 
Shelf. 

Appended  to  this  standard  is  a  Memo¬ 
randum  of  Understanding  between 
OSHA  and  the  Coast  Guard  setting  forth 
certain  procedures  for  coordination  and 
joint  activities  during  the  effective  pe¬ 
riod  of  the  ETS  and  in  developing  perma¬ 
nent  standards  (Appendix  A) . 

Of  course,  if  appropriate,  employers 
may  seek  temporary  or  permanent  vari¬ 
ances  under  the  Act  and  implementing 
regulations  during  the  period  in  which 
this  ETS  is  in  effect.  Thus  under  section 


6(b)  (6)  (A)  of  the  Act  and  29  CFR 
1905.10,  any  employer  may  apply  to  the 
Secretary  for  a  temporary  order  grant¬ 
ing  a  variance  from  a  standard  or  any 
provision  thereof  if  he  can  establish  that 
he  is  unable  to  comply  with  a  standard 
by  its  effective  date  because  of  unavail¬ 
ability  of  professional  or  technical  per¬ 
sonnel  or  of  materials  and  equipment 
needed  to  come  into  compliance  with  the 
standard  or  because  necessary  construc¬ 
tion  or  alternation  of  facilities  cannot  be 
completed  by  the  effective  date,  provided 
that  he  is  taking  all  available  steps  to 
safeguard  his  employees  against  the  haz¬ 
ards  covered  by  the  standard  and  he  has 
an  effective  program  for  coming  into 
compliance  with  the  standard  as  quickly 
as  practicable.  Similarly,  under  section 
6(d)  of  the  Act  and  29  CFR  1905.11,  any 
affected  employer  may  apply  to  the  Sec¬ 
retary  for  a  rule  or  order  for  a  variance 
from  a  standard  if  he  can  demonstrate 
by  a  preponderance  of  the  evidence  that 
the  conditions,  practices,  means,  meth¬ 
ods,  operations,  or  processes  used  or  pro¬ 
posed  to  be  used  by  the  employer  will 
provide  employment  and  places  of  em¬ 
ployment  to  his  employees  which  are  as 
safe  and  healthful  as  these  which  would 
prevail  if  he  complied  with  the  standard. 

Background 

On  August  8, 1975,  the  United  Brother¬ 
hood  of  Carpenters  and  Joiners  of  Amer¬ 
ica,  AFL-CIO,  filed  a  petition,  requesting 
that  the  Occupational  Safety  and  Health 
Administration  issue  an  emergency  tem¬ 
porary  standard  for  commercial  diving 
operations  within  the  United  States  and 
its  coastal  waters,  including  those  located 
on  the  Outer  Continental  Shelf.  The  peti¬ 
tion  alleged  that  American  divers,  some 
of  whom  are  memers  of  petitioner’s 
union,  are  exposed  to  grave  danger  and 
that  an  ETS  is  necessary  to  protect  com¬ 
mercial  divers  on  offshore  oil  exploration 
projects  and  in  other  operations  from 
toxic  gas,  chemical,  and  pressure  expo¬ 
sures  which  in  the  aggregate  create  a 
hostile  and  dangerous  environment  ad¬ 
versely  affecting  diver  safety  and  health 
(Exh.  1). 

The  petition  jjrged  the  Secretary  to 
issue  a  comprehensive  diving  standard 
substantively  based  on  the  following: 

(1)  The  American  National  Standards 
Institute  (ANSI)  Z-135  Standard  for 
Diving  (modified  Draft  #13) ; 

(2)  The  U.S.  Navy  Standard  Air  De¬ 
compression  Table  (Repetitive  Group 
“O”)  for  dives  not  in  excess  of  190  feet; 

(3)  The  U.S.  Navy  Surface  Decompres¬ 
sion  Tables,  excluding  all  “exceptional 
exposure  dives;” 

(4)  A  procedure  for  21  days’  advance 
validation  by  the  Secretary  of  Labor  of 
diving  tables  outside  of  U.S.  Navy  opti¬ 
mum  dive  tables; 

(5)  The  “Compressed  Air  for  Human 
Respiration”  standard  of  the  Compressed 
Gas  Association  (Pamphlet  G-7) ;  and 

(6)  The  “Commodity  Specification  for 
Air”  standard  of  the  Compressed  Gas  As¬ 
sociation  (Pamphlet  G-7.1). 

After  review  of  the  petition  and  sup¬ 
porting  evidence  by  OSHA  staff,  and  con¬ 


sultation  with  the  petitioner  and  other 
parties  having  potentially  adverse  in¬ 
terests,  the  Secretary  concluded  that  the 
public  interest  would  be  served  by  hold¬ 
ing  an  OSHA  fact-finding  hearing.  The 
hearing  was  to  accomplish  two  objec¬ 
tives — to  ascertain  the  nature  and  ex¬ 
tent  of  the  occupational  safety  and 
health  hazards  associated  with  diving 
operations,  and  to  provide  a  basis  for  de¬ 
termining  the  appropriateness  of  an  ETS 
for  diving.  Public  announcement  of  the 
hearings  was  made  in  the  Federal  Regis¬ 
ter  (40  FR  49123,  October  22,  1975). 

The  hearings,  presided  over  by  a  De¬ 
partment  of  Labor  Administrative  Law 
Judge,  were  held  during  a  four-day  pe¬ 
riod,  November  11-14,  1975,  in  Washing¬ 
ton,  D.C.  Evidence  wTas  presented  by 
twenty-five  witnesses  producing  some 
874  pages  of  recorded  transcript.  The 
witnesses  included;  several  medical  ex¬ 
perts  experienced  in  hyperbaric  medicine 
from  the  United  States,  and  one  from 
the  United  Kingdom;  diving  contractors 
representing  both  large  and  small  firms 
located  throughout  the  country  (East 
Coast,  Great  Lakes,  Gulf  States,  and  the 
West  Coast) ;  academic  and  independent 
research  physiologists  experienced  in  the 
formulation  of  diving  tables  and  work 
practice  protocols;  commercial  divers 
and  other  diving  personnel,  some  of 
whom  had  sustained  employment  related 
injuries;  diving  program  administrators; 
maritime  attorneys  familiar  with  the 
legal  aspects  of  diving-related  personal 
injuries;  representatives  of  the  petitioner 
(United  Brotherhood  of  Carpenters  and 
Joiners,  AFL-CIO)  and  the  principal 
industry  trade  association  (Association 
of  Diving  Contractors) ;  and  represent¬ 
atives  of  government  agencies  with 
personnel  engaged  in  diving.  Government 
submissions  were  received  from  the  U.S. 
Navy,  the  U.S.  Coast  Guard,  the  Na¬ 
tional  Oceanic  and  Atmospheric  Admin¬ 
istration  (NOAA)  of  the  Department  of 
Commerce,  the  Bureau  of  Land  Manage¬ 
ment  of  the  Department  of  Interior,  and 
the  National  Park  Service  also  of  the  In¬ 
terior  Department. 

In  addition,  a  large  number  of  parties 
elected  to  supply  written  comments  in 
lieu  of  oral  testimony.  Documents  and 
exhibits  wTere  also  supplied  in  great 
numbers  from  witnesses  and  other  in¬ 
terested  persons.  All  participants  were 
given  until  December  8,  1975,  to  submit 
post-hearing  comments. 

Shortly  after  the  conclusion  of 
OSHA’s  public  fact-finding  inquiry,  the 
Department  of  Labor  assembled  a  Fed¬ 
eral  agency  task  force  to  outline  the 
contents  of  possible  government  diving 
regulations.  In  addition  to  OSHA,  mem¬ 
bers  of  the  group  represented  the  Na¬ 
tional  Institute  for  Occupational  Safety 
and  Health  (NIOSH),  the  U.S.  Coast 
Guard,  the  Navy,  and  NOAA.  All  par¬ 
ticipants  had  been  either  experienced 
in,  or  associated  with,  diving  for  a  num¬ 
ber  of  years.  The  task  force  also  retained 
and  consulted  with  outside  diving  ex¬ 
perts.  These  experts  represented  a  cross- 
section  of  skills,  experience,  and  train¬ 
ing,  including  expertise  in  hyperbaric 
medicine,  physiology,  the  development 
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of  diving  tables  and  other  diving  proto¬ 
cols  and  in  a  wide  variety  of  operational 
diving  modes  and  techniques. 

Substantial  technical  input  was  pro¬ 
vided  by  the  diving  research  group  of 
NIOSH  and  its  contractor,  the  Under¬ 
sea  Medical  Society,  with  the  formula¬ 
tion  of  a  “National  Plan  for  Safety  and 
Health  of  Divers  in  the  Quest  for  Sub¬ 
sea  Energy”  (Contract  No.  210-75-0073, 
January  1976,  hereinafter  “NIOSH  I”). 
In  addition,  OSHA  has  had  the  benefit 
of  the  preliminary  work  product  of  a 
second  NIOSH  diving  project,  “Safe 
Work  Practices  and  Medical  Proce¬ 
dures”  (April-May  1976,  hereinafter 
"NIOSH  II”), 

Supplementing  the  testimony  ob¬ 
tained  from  the  fact-finding  inquiry  and 
the  technical  assistance  received  from 
various  government  agencies  and  out¬ 
side  consultants,  OSHA  has  had  the  op¬ 
portunity  to  evaluate  a  considerable 
•amount  of  documentary  material  re¬ 
lating  to  diving  safety  and  health  (see 
attached  list  of  references).  Particular 
attention  has  been  given  to  the  following 
major  documents:  the  diving  manuals  of 
the  U.S.  Navy,  NOAA,  and  the  Associa¬ 
tion  of  Diving  Contractors  (ADC) ;  draft 
proposals  of  the  ANSI  Z-135  Standards 
Committee  for  Commercial  Diving 
Safety;  diving  regulations  from  several 
foreign  countries  including  the  United 
Kingdom,  Australia,  Prance  and  Can¬ 
ada;  state  diving  codes  of  Oregon  and 
Florida;  and  the  medical  and  scien¬ 
tific  papers  of  symposia  devoted  to  div¬ 
ing  safety  and  health.  In  addition,  many 
members  of  the  diving  community  with 
significant  expertise  and  interest  in  div¬ 
ing  safety  and  health  have  continued  to 
make  their  experience  and  views  avail¬ 
able  to  the  agency. 

Findings  and  Determinations 

The  Assistant  Secretary  has  reviewed 
the  entire  record  and  evaluated  all  per¬ 
tinent  materials  available  to  the  Depart¬ 
ment  with  respect  to  occupational  safety 
and  health  hazards  associated  with  div¬ 
ing.  The  Assistant  Secretary  finds  that 
divers  work  in  an  underwater  environ¬ 
ment  which  is  inherently  hazardous,  and 
are  subject  to  working  conditions  which 
pose  life  threatening  risks  on  a  daily 
basis.  Because  of  the  nearly  complete  ab¬ 
sence  of  regulatory  safeguards  to  pro¬ 
tect  them  against  these  inherently  haz¬ 
ardous  working  conditions,  the  Assistant 
Secretary  has  determined  that  such  div¬ 
ers  are  exposed  to  a  grave  danger  from 
exposure  to  substances  or  agents  which 
are  toxic  or  physically  harmful  within 
the  meaning  of  section  6(c)(1)(A)  of 
the  Act  (29  U.S.C.  655(c)(1)(A)). 

The  Assistant  Secretary  also  finds, 
based  on  the  evidence  in  the  record,  that 
unsafe  work  practices  exist  in  the  diving 
Industry  which  have  caused,  and  unless 
abated,  will  continue  to  cause  serious  in¬ 
jury,  permanent  disability  and  death 
among  members  of  the  diving  commu¬ 
nity.  Such  practices  increase  both  the 
gravity  of  the  dangers  to  which  divers 
are  exposed,  and  the  urgency  of  the  need 


for  immediate  occupational  safety  and 
health  regulations. 

In  addition,  the  Assistant  Secretary 
has  also  concluded  that,  as  a  result  of 
heightened  activity  in  recent  years  in 
the  diving  industry  primarily  attributa¬ 
ble  to  the  nation’s  need  to  secure  addi¬ 
tional  energy  and  mineral  resources, 
divers  are  now  being  exposed  to  increased 
safety  and  health  risks.  These  new  risks 
are  associated  with,  among  other  things, 
deeper  and  longer  dives,  the  use  of  new 
operational  modes  and  techniques,  div¬ 
ing  tables,  and  breathing  mixtures  which 
have  not  been  tested  to  the  same  extent 
as  previously.  The  Assistant  Secretary 
has  detexmined  that  these  circumstances 
further  require  issuance  of  this  emer¬ 
gency  temporary  standard  because  their 
existence  augments  both  the  inherent 
high  risk  and  the  existence  of  unsafe 
practices  within  the  industry.  The  Assist¬ 
ant  Secretary  has  further  determined 
that  such  circumstances  in  themselves 
constitute  a  grave  danger  from  exposure 
to  new  hazards  within  the  meaning  of 
section 6(c)  (1)  (A). 

The  Assistant  Secretary  has  further 
determined  that  the  issuance  of  an  emer¬ 
gency  temporary  standard  at  this  time  is 
the  required  statutory  response  to  the 
existence  of  the  grave  danger  from  ex¬ 
posure  within  the  diving  industry  and 
that  this  ETS  is  necessary  to  protect 
divers  from  the  grave  dangers  to  which 
their  occupation  subjects  them. 

1.  Inherent  danger  and  absence  of  reg¬ 
ulation.  Working  in  an  underwater  en¬ 
vironment  is  inherently  hazardous  in 
that  it  subjects  divers  continually  to  life- 
threatening  safety  and  health  hazards 
including  several  toxic  substances  and 
harmful  physical  agents. 

Because  of  the  hostile  environment  in 
which  he  works,  the  diver’s  place  of  em¬ 
ployment  is  unique  among  all  occupa¬ 
tions.  Divers  must  at  an  times  be  pro¬ 
tected  against  harmful  physical  agents 
such  as  high  pressure,  temperature  ex¬ 
tremes,  and  unpredictable  sea  states. 
Toxic  substances,  due  to  contaminated 
breathing  mixtures  and  the  dependence 
on  compressed  gases,  subject  the  diver’s 
entire  body  to  abnormal  stress,  organ 
dysfunction,  sensory  derangement,  and 
other  adverse  physiological  changes.  In 
order  to  accomplish  their  work  mission 
divers  must  be  equipped  with  various 
types  of  tools  such  as  oxy-arc  cutting  in¬ 
struments,  electric  arc  welders,  and  vari¬ 
ous  explosive  devices  which  can  be 
hazardous  in  and  of  themselves;  any 
faulty  and  improper  equipment  neces¬ 
sarily  compounds  the  risk  of  danger.  In 
addition,  the  diver  is  faced  with  many 
other  hazards  such  as  falling,  loose,  or 
sharp  underwater  objects  which  can 
crush,  cut,  or  foul  the  diver’s  gear.  Be¬ 
cause  the  diver’s  work  is  in  an  isolated 
environment,  even  otherwise  minor  acci¬ 
dents  can  result  in  major  tragedies  un¬ 
less  medical  assistance  and  treatment 
is  obtained  quickly. 

Protection  against  these  and  the  other 
hazards  divers  face  can  be  afforded  only 
by  following  the  various  procedures, 
equipment,  and  competence  standards. 


A  diver’s  well-being  depends  on  the 
diver’s  protective  equipment  and  the 
apparatus  used  to  supply  him  with  a 
life  sustaining  gas  mixture,  the  diver’s 
own  competence  and  experience  as  well 
as  the  competence  of  his  support  team, 
the  diving  procedures  used  to  permit  the 
diving  operation  to  be  carried  out  safely, 
and  the  emergency  procedures  to  be 
used  if  an  accident  should  occur.  A  fail¬ 
ure  of  any  of  these  elements  could  be 
disastrous  for  the  diver.  The  tolerances 
for  error  may  be  very  slight.  For  ex¬ 
ample,  in  very  deep  dives  a  change  of 
as  little  as  one  quarter  of  one  percent 
in  the  proportion  of  oxygen  in  the  diver’s 
breathing  mixture  can  mean  the  differ¬ 
ence  between  death  and  survival  (Tr. 
46). 

These  factors — the  diver’s  exposure  to 
the  unique  hazards  of  undersea  activity, 
his  isolation  from  aid  in  the  event  of 
an  accident  or  injury,  the  complex  na¬ 
ture  of  his  protective  system,  and  the 
slight  tolerance  for  error  which  exists 
in  the  operation  of  that  system — all 
combine  to  create  a  situation  in  which 
the  potential  for  serious  or  fatal  injury 
to  the  diver  is  great.  The  factors  creat¬ 
ing  this  potential  are  present  in  few  if 
any  other  occupations. 

The  total  absence  of  any  uniform  and 
enforceable  occupational  safety  and 
health  diving  standards  places  divers 
in  increased  jeopardy.  There  are  no 
comprehensive  occupational  safety  and 
health  regulations  applicable  to  the  div¬ 
ing  industry.  A  voluntary  bode  has  been 
established  by  the  Association  of  Diving 
Contractors  (ADC),  but  no  uniform 
standards  exist  which  are  capable  of  be¬ 
ing  enforced  or  have  application 
throughout  the  diving  industry.  Although 
a  few  states  such  as  Oregon  and  Florida 
have  promulgated  diving  safety  codes, 
other  states  with  significant  diving  pop¬ 
ulations  have  not.  Compounding  the 
problem  is  the  fact  that  much  of  the 
diving  which  is  currently  done  and  most 
of  the  increased  diving  activity  will  be 
in  areas  which  are  outside  the  jurisdic¬ 
tion  of  individual  states.  Therefore  only 
Federal  agencies  with  appropriately 
comprehensive  jurisdiction  and  author¬ 
ity  are  capable  of  addressing  the  prob¬ 
lem  of  diving  safety  and  health  on  a 
nation-wide  basis. 

Promulgation  of  an  ETS  for  diving  is 
necessary  under  the  aforementioned  cir¬ 
cumstances  in  order  to  reduce  the  exist¬ 
ing  and  future  exposures  to  grave  dan¬ 
gers.  Pursuing  regulatory  strategies  of 
either  no  regulation  or  delayed  promul¬ 
gation  would  have  resulted  in  the  in¬ 
creased  likelihood  of  irreparable  injury  to 
significant  portions  of  the  diving  popula¬ 
tion,  and  have  been  otherwise  contrary 
to  the  agency’s  statutory  responsibilities 
and  basic  policies  of  the  Act. 

Because  of  the  inherent  hazards  asso¬ 
ciated  with  diving,  the  likelihood  of  in¬ 
creased  activity  with  high  risk  potential, 
and  the  absence  of  any  enforceable 
standards  within  this  area,  Immediate 
adoption  of  an  occupational  safety  and 
health  standard  is  considered  critical 
to  the  affected  diving  population.  Fur- 
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ther  delay  in  the  promulgation  of  an 
appropriate  OSHA  standard  would  be 
unjustifiable  in  light  of  the  high  risk 
potential  of  the  industry.  The  Assistant 
Secretary  believes  the  decision  to  issue 
an  emergency  temporary  standard  is 
fully  in  consonance  with  the  goal  of  the 
Act  to  assure  safe  and  healthful 
working  conditions. 

2.  Occurrence  of  unsafe  practices.  It 
is  clear  that  there  are  now  occurring 
within  the  diving  industry  unsafe  prac¬ 
tices  which  cause  and  threaten  to  con¬ 
tinue  to  cause  serious  injury  and  even 
death. 

Diving  is  a  highly  competitive  industry 
which  has  been  in  a  period  of  rapid  ex¬ 
pansion.  There  is  demand  for  more 
diving,  deeper  diving,  and  longer  diving. 
While  employers  are  concerned  with  em¬ 
ployee  safety  and  health,  the  economic 
pressures  are  such  as  to  provide  a  temp¬ 
tation  to  underbid  competitors  at  the 
expense  of  safety  and  health  considera¬ 
tions.  Evidence  presented  at  the  hear¬ 
ing  indicated  that  this  is  a  significant 
problem  (e.g.,  Tr.  303,  595,  601). 

Training,  experience,  and  physical  fit¬ 
ness  are  clearly  major  factors  in  diver 
safety;  yet  employers  have  acknowledged 
their  difficulty  in  recruiting  divers  who 
are  sufficiently  qualified  to  perform  the 
types  of  diving  activities  which  the 
employers  are  now  contracting  to  per¬ 
form  (Tr.  151-54,  637-38).  As  a  result, 
employees  who  lack  the  necessary  com¬ 
petence  to  perform  their  dive  or  un¬ 
derwater  work  task  safely  have  been 
exposed  to  situations  which  were  too 
difficult  for  their  level  of  skills  (Tr.  566, 
601-603) .  Not  only  are  some  of  the  divers 
unqualified,  but  some  diving  supervisors 
apparently  lack  the  necessary  compe¬ 
tence  as  well  (eg.,  Tr.  543,  594,  619). 
Even  when  an  employer  establishes,  by  a 
manual  or  otherwise,  a  system  of  safe 
practices,  unless  there  is  a  requirement 
to  follow  them,  diving  supervisors  and 
other  employees  may  act  in  a  contrary 
fashion  (Tr.  155-156).  Likewise,  the 
ADC  Manual  is  a  document  which  is  not 
agreed  to  in  all  of  its  respects  by  all 
ADC  members  (e.g.,  Tr.  161),  is  not 
presently  enforceable  against  any  mem¬ 
ber  who  deviates  from  it  (Tr.  830-831), 
and  of  course  is  not  binding  on  the 
many  diving  contractors  unaffiliated 
with  the  ADC.  Consequently,  as  a  result 
of  deviations  from  accepted  safe  prac¬ 
tices,  there  have  been  instances  of  diving 
operations  in  which  divers  have  been 
permitted  to  dive  below  220  PSW  without 
any  bell  (Tr.  316,  544,  546,  550-53,  591- 
92,  595-6,  617,  Exh.  47) ;  untested  diving 
tables  are  in  use  (Tr.  262) ;  appropriate 
diving  tables  are  present  but  have  not 
been  properly  used  or  followed  (Tr.  541, 
543,  594,  629) ;  or  there  has  been  no  pro¬ 
tective  device  to  keep  the  propellers  from 
cutting  or  entangling  a  diver’s  umbilical 
during  live-boating  (Tr.  341-42,  544-48, 
595) .  Some  of  these  incidents  have  ended 
in  tragedy.  (Exhs.  11,  41,  44,  45,  47-50; 
PHC  13, 14  (appendices) ;  Reference  M). 

Moreover,  in  addition  to  such  in¬ 
stances  of  unsafe  work  practices,  other 
circumstances,  including  lack  of  a  de¬ 
compression  chamber  for  onsite  recom¬ 
pression  treatment.  Inadequate  diving 


platforms  and  barge  layouts,  and  inade¬ 
quate  communications,  have  also  been 
identified  as  contributing  to  diving  ac¬ 
cidents  (Tr.  258-59).  It  has  further  been 
reported  that  equipment  failure  and 
equipment  misuse  have  been  at  the  root 
of  many  accidents,  and  that  inadequate 
training  of  the  persons  Involved  was  to 
a  large  extent  responsible  for  this  situa¬ 
tion  (Tr.  163). 

These  same  factors  which  currently 
lead  to  certain  unsafe  practices  are  likely 
to  be  exacerbated  as  the  diving  industry 
expands  into  newer,  deeper,  and  more 
complex  areas.  The  situation  will  likely 
result  in  the  involvement  of  more  em¬ 
ployers  and  divers  who  lack  the  experi¬ 
ence  and  competence  to  do  the  kind  of 
sophisticated  work  required,  and  will 
create  further  competitive  pressures  to 
reduce  margins  of  safety  in  work  opera¬ 
tions.  As  one  expert  witness  testified: 

It  does  not  take  much  foresight  to  make 
three  basic  predictions  for  1976  and  the  years 
that  follow:  (1)  The  quantity  of  diving  in 
American  waters  wUl  increase  as  the  incen¬ 
tives  for  exploration  follow  rising  petroleum 
needs;  (2)  the  standard  offshore  diving  setup 
will  have  1,000  to  1,200  foot  capabUlty  and 
these  capabilities  will  be  used;  and  (3)  more 
divers  wiU  die  (Tr.  14). 

The  evidence  shows  that  some  divers 
have  already  been  killed  or  seriously  in¬ 
jured  in  the  course  of  their  employment. 
The  record  indicated  a  number  of  deaths 
and  serious  injuries  associated  with  div¬ 
ing  which  were  related  to  or  arose  out  of 
the  course  of  employment  (Exhs.  11,  41, 
44,  45,  47-50 ;  PHC  13,  14  (appendices) ) . 
While  the  testimony  elicited  at  the  fact 
finding  hearing  produced  conflicting 
statistical  evidence  as  to  specific  mortal¬ 
ity  and  morbidity  rates,  the  Assistant 
Secretary  concludes  that  there  is  sub¬ 
stantial  evidence  to  support  a  finding 
that  work-related  hazards  have  mani¬ 
fested  themselves  as  disabling  injuries, 
illnesses  and  fatalities.  The  Secretary  be¬ 
lieves  that  examination  of  U.S.  Coast 
Guard  investigations  of  divers’  deaths 
supports  this  conclusion. 

The  Assistant  Secretary  therefore 
finds  as  a  result  of  these  unsafe  practices 
that  divers  are  actually  exposed,  and  will 
continue  to  be  exposed  with  increased 
frequency,  to  grave  dangers  in  their 
work.  This  factor  further  compels  the 
conclusion  that  action  pursuant  to  sec¬ 
tion  6(c)  of  the  Act  is  warranted. 

3.  New  hazards  occasioned  by  indus¬ 
try  expansion.  As  a  result  of  heightened 
activity  in  the  industry,  divers  are  being 
exposed  to  new  safety  and  health  risks. 
Primarily  as  a  result  of  the  nations’  need 
to  secure  new  energy  and  mineral  re¬ 
sources,  the  diving  industry  has  been  the 
scene  recently  of  rapid  expansion  on  sub¬ 
merged  coastal  lands  and  those  further 
off  shore  on  the  Outer  Continental  Shelf. 
During  all  phases  of  operations,  divers 
play  a  critical  role.  Consequently,  such 
operations  are  requiring  dives  which  are 
deeper,  more  frequent,  and  of  longer 
duration  than  ever  before.  These  ex¬ 
tremely  deep  diving  operations  will  con¬ 
tinue  because  of  the  locations  of  many 
of  the  new  areas  set  aside  for  exploration 
and  production.  Because  of  operational 


complexities,  it  is  necessary  for  such  div¬ 
ing  often  to  be  done  for  long  periods  of 
time.  There  is  a  clear  likelihood  that 
this  trend  will  extend  into  the  foresee¬ 
able  future.  As  a  result  of  this  heightened 
Intensity  divers  are  being  subjected  to 
greater  stress  and  fatigue,  which  further 
increase  the  risk  of  hazards  usually  pres¬ 
ent  and  associated  with  diving,  per  se. 
This  new  activity  also  raises  the  oppor¬ 
tunity  for  diver  exposure  to  long  term 
hazards  such  as  adversely  subtle  phys¬ 
iological  changes,  and  diseases  such  as 
osteonecrosis  (NIOSH  I,  2-1,  3-1,  et 
seq.). 

The  development  and  increasing  use 
of  new  diving  technology  and  operational 
modes  has  caused  a  re-evaluation  of 
previously  known  hazards,  and  has  re¬ 
sulted  in  the  emergence  of  new  health 
hazards  which  have  the  capability  of 
affecting  the  diver’s  health. 

The  nature  of  off-shore  activity  has 
brought  about  the  use  of  relatively  new 
diving  techniques  and  operational  equip¬ 
ment.  Deep  dives  of  longer  duration  and 
involving  complex  underwater  tasks  are 
utilizing  with  increasing  frequency 
saturation  or  saturation-excursion  mode 
diving  in  which  divers  work  and  live 
under  a  highly  pressurized  environment 
for  prolonged  periods  of  time.  While  this 
mode  does  offer  distinct  operational  ad¬ 
vantages,  it  nevertheless  creates  ex¬ 
posures  to  new  hazards,  and  has  caused 
a  re-examination  of  known  hazards.  In 
the  deeper  diving  modes,  exotic  mixtures 
of  inert  gase6  are  required  to  maintain 
environmental  balance  and  the  life  sup¬ 
port  of  divers.  A  miscalculation  in  ad¬ 
justing  the  breathing  mixture  could 
cause  tragedy.  Highly  precise  decompres¬ 
sion  protocols  must  be  employed  in  order 
to  safely  remove  the  diver  from  his  pres¬ 
surized  surroundings.  Prolonged  ex¬ 
posure  under  pressure  has  caused  re- 
evaluation  of  existing  decompression 
sickness  etiology.  High  Pressure  Nervous 
Syndrome  is  one  of  the  likely  occurrences 
if  the  proper  precautions  during  com¬ 
pression  are  not  taken.  (NIOSH  I,  12-1, 
et  seq.)  New  concern  has  been  raised 
with  respect  to  emotional  stress  and 
chronic  fatigue  to  long  term  confine¬ 
ment.  (NIOSH  I,  5-1,  et  seq.) 

Further  industry  expansion  is  virtu¬ 
ally  certain,  making  it  increasingly  dif¬ 
ficult  for  diving  employers  to  secure 
either  adequately  trained  personnel,  or, 
apparently,  the  equipment  necessary  to 
do  the  newly  required  operations  in  a 
safe  manner. 

All  available  data  indicates  a  clear 
trend  toward  the  increasing  need  for 
commercial  divers,  especially  those  with 
deep  sea  experience.  However,  there  ex¬ 
ists  only  a  limited  number  of  personnel 
who  are  adequately  trained  to  accom¬ 
plish  the  complex  and  demanding  tasks 
associated  with  off-shore  operations. 
Because  of  the  nature  of  these  opera¬ 
tions,  increasing  numbers  of  competent 
and  experienced  surface  support  person¬ 
nel  will  also  be  needed.  The  record  in¬ 
dicates  that  poorly  trained  and  inexpe¬ 
rienced  persons  are  significant  factors  in 
diving  accident  causation  (e.g.  Tr.  151- 
54,  637-38) .  The  lack  of  qualified  persons, 
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specifically  trained  for  deep  diving  oper¬ 
ations,  Is  likely  to  cause  an  Increased 
incidence  of  mortality  and  morbidity. 
This  increased  demand  for  deeper  diving 
is  likely  to  place  some  employers  in  a 
position  where  they  will  be  unfamiliar 
with  the  newer  operational  modes,  and 
unable  to  secure  the  proper  equipment 
necessary  to  perform  a  particular  opera¬ 
tion  in  a  safe  manner.  An  absence  of  ap¬ 
propriate  equipment  or  the  presence  of 
poorly  maintained  equipment  will  pose  a 
definite  hazard  to  affected  workers. 

The  nature  and  scope  of  projected 
diving  activity  in  the  United  States  is  an¬ 
alogous  to  that  in  other  parts  of  the 
world,  where  there  have  been  marked 
rises  in  fatalities,  serious  injuries  and 
diving  related  illnesses. 

The  agency  has  taken  note  of  the  in¬ 
crease  in  accidents  in  international 
diving  which  has  paralleled  a  rise  in  in¬ 
ternational  diving  activity  similar  to  the 
increase  in  diving  activity  which  is  taking 
place  in  this  country.  As  of  January, 
1976,  at  least  27  divers  were  reported  to 
have  been  killed  in  the  European  North 
Sea  operations  over  a  four-year  period, 
and  almost  half  the  number  died  in  1975 
alone.  This  mortality  rate  is  even  more 
significant  given  the  fact  that  the  North 
Sea  diver  population  is  Just  over  1000, 
and  has  a  fatality  rate  of  10  per  1000 
for  North  Sea  divers  which  represents  a 
rate  220  times  than  that  for  factory 
workers  (Tr.  117,256;  Exhs.  44,  45;  PHC 
6,  Reference  N) .  Although  not  within  the 
jurisdiction  of  OSHA  regulations,  many 
of  the  activities  in  these  areas  are  con¬ 
ducted  either  directly  by,  or  through  af¬ 
filiates  of,  American  companies.  In  addi¬ 
tion,  many  of  the  persons  who  dive  in 
these  foreign  waters,  are  the  same  ones 
who  dive  in  American  waters. 

Despite  some  differences  in  environ¬ 
ment  and  climatic  conditions,  the  for¬ 
eign  operations  are  in  many  respects 
similar  to  those  being  conducted  here, 
or  similar  to  those  likely  to  be  operated 
here  in  the  near  future  (NIOSH  I,  xv- 
xvi) . 

For  the  reasons  set  out  above,  the 
Secretary  concludes  that  the  nature  and 
Intensity  of  the  diving  Industry’s  recent 
activities  have  subjected,  and  are  likely 
to  continue  to  subject,  divers  to  new 
hazards  within  the  meaning  of  section 
6(c)(1)(A)  of  the  Act. 

4.  The  standard  is  necessary  to  protect 
divers  from  grave  danger.  All  aspects  of 
the  standard  are  necessary  to  protect 
divers  from  the  grave  dangers  to  which 
their  occupation  subjects  them.  These 
myriad  hazards  stem  from  the  fact  that 
once  a  diver  descends  into  the  water  his 
safety,  and  ultimately  his  life,  depend 
on  the  proper  functioning  of  his  equip¬ 
ment  and  the  carrying  out  of  safe  prac¬ 
tices.  This  system  includes  the  compe¬ 
tence,  training  and  physical  fitness  of 
the  diver;  the  competence  and  training 
of  the  diver’s  support  personnel;  the  op¬ 
erating  procedures  used  to  assure  that 
the  diver  is  not  unnecessarily  exposed  to 
unsafe  situations;  the  equipment  needed 
to  protect  the  diver  from  the  hostile  un¬ 
dersea  environment;  and  a  means  to 
monitor  and  record  the  time-pressure- 


gas  mixture  exposure.  A  failure  in  any 
of  these  elements  exposes  the  diver  to 
grave  and  potentially  fatal  dangers.  Ac¬ 
cordingly,  to  protect  divers  from  these 
grave  dangers  the  standard  must,  and 
does,  ensure  the  adequacy  of  all  these 
components. 

The  dangerous  consequences  of  a 
failure  of  any  of  these  components  are 
described  in  detail  later  in  this  preamble 
as  are  the  ways  in  which  the  standard 
responds  to  those  hazards.  A  few  ex¬ 
amples  are  cited  to  illustrate  that  a  diver 
is  only  as  safe  as  the  weakest  link  in  this 
chain  of  components  and  that  in  order  to 
protect  divers  from  the  grave  dangers 
inherent  in  their  occupation  the  stand¬ 
ard  must  cover  all  of  those  links. 

First,  the  standard  has  various  re¬ 
quirements  designed  to  ensure  that  all 
personnel,  including  divers  and  the  sup¬ 
port  team,  are  adequately  trained  and 
competent  to  perform  their  assigned 
tasks.  Such  competence  is  vital  to  diver 
safety.  For  instance,  an  inadequately 
trained  diver  may,  in  a  moment  of  panic, 
hold  his  breath  during  ascent  from  a  dive 
(Tr.  198-200) .  Doing  so,  even  during  a 
relatively  short  ascent  from  shallow 
water  will  subject  the  diver  to  a  possible 
gas  embolism,  a  serious  condition  in 
which  gas  bubbles  are  forced  into  the 
bloodstream  and  can  block  bloodflow  to 
the  brain  and  other  organs  (Tr.  46;  Exh. 
6,  3-23,  8-9;  NIOSH  H,  E-43) .  The  stand¬ 
ard  addresses  this  danger  by  requiring 
employers  to  ensure  that  divers  have  a 
working  knowledge  of  physiology  as  it 
applies  to  diving. 

Second,  the  standard  requires  that 
divers  be  medically  fit  to  dive.  A  person 
who,  for  example,  is  chronically  unable 
to  equalize  sinus  or  middle  ear  pressure 
risks  severe  damage  to  those  organs  by 
subjecting  himself  to  the  increases  in 
pressure  inherent  in  diving  (Exh.  6, 3-18- 
20).  The  standard  prohibits  a  person 
with  a  chronic  condition  of  this  type 
from  diving. 

Third,  the  standard  contains  provi¬ 
sions  to  insure  that  safe  operating  proce¬ 
dures  are  employed.  Without  such  pro¬ 
cedures  diver  safety  is  Impossible.  For 
example,  a  diver  engaged  in  a  deep  dive 
requiring  long  decompression  time  is  iso¬ 
lated  from  surface  assistance  because  he 
cannot  ascend  rapidly  without  suffering 
severe  decompression  sickness.  If,  there¬ 
fore,  he  cuts  himself  badly  or  breaks  a 
leg  he  may  die  from  blood  loss  or  shock 
before  he  can  be  safely  brought  to  the 
surface  (e.g.  Tr.  592-3).  To  protect 
against  this  danger  the  standard  re¬ 
quires  the  use  of  diving  bells  with  stand¬ 
by  divers  for  specified  deep  dives.  The 
bell  provides  a  safe  refuge  in  which  the 
injured  diver  can  be  treated. 

Fourth,  the  standard  requires  that 
equipment  and  tools  used  in  diving  op¬ 
erations  be  appropriate  and  well  main¬ 
tained.  A  failure  in  almost  any  piece  of 
the  necessary  equipment  is  potentially 
disastrous.  For  example,  a  malfunction¬ 
ing  air  compressor  which  becomes  over¬ 
heated  or  pumps  lubricating  oil  can 
Introduce  a  level  of  carbon  monoxide  or 
oil  mist  in  the  respirable  air  that  will 
affect  the  health  or  even  imperil  the  life 


of  the  diver.  The  standard  attempts  to 
prevent  such  problems  by  requiring  a 
prescribed  level  of  respirable  air  purity 
fed  to  the  diver. 

As  the  preceding  examples  illustrate, 
a  diver’s  safety  from  the  grave  dangers 
he  faces  on  his  job  depends  on  safe  prac¬ 
tices,  equipment,  and  levels  of  compe¬ 
tence;  and  to  protect  divers  the  standard 
must  cover  each  of  those  components. 

5.  The  standard  can  he  readily  imple¬ 
mented.  To  assure  compliance  on  an 
almost  immediate  basis  (a  30-day  delay 
in  the  effective  date  is  provided  to  permit 
familiarization  with  the  standard) ,  only 
the  most  basic  and  minimum  require¬ 
ments  necessary  for  assurance  of  safe 
and  healthful  working  conditions,  and 
other  corollary  rules  necessary  to  assure 
that  these  requirements  are  properly 
maintained,  have  been  included  in  the 
emergency  temporary  standard.  Because 
of  the  unique  and  highly  specialized  na¬ 
ture  of  diving  operations,  OSHA  obtained 
considerable  technical  advice  from  vari¬ 
ous  members  of  the  diving  community 
including  information  regarding  the  ca¬ 
pability  of  the  industry  to  comply  with 
the  standard.  Based  on  this  information, 
the  Assistant  Secretary  has  concluded 
that  the  standard  can  be  readily  complied 
with.  This  conclusion  that  requirements 
of  this  emergency  regulation  can  be 
readily  implemented  without  signifi¬ 
cantly  affecting  the  operations  within 
the  diving  community  as  a  whole  is  sup¬ 
ported  in  part  by  the  fact  that  much  of 
the  standard  is  based  upon  the  ANSI  Z- 
135  draft  standard  and  the  ADC  Manual 
of  Safe  Diving  Practices.  This  fact  in¬ 
dicates  that  most  of  the  requirements  of 
the  standard  will  be  familiar  to  employ¬ 
ers  and  that  the  types  of  requirements 
imposed  by  this  ETS  are  considered  gen¬ 
erally  feasible  by  the  industry  itself. 

The  basis  for  these  findings  and  a 
fuller  discussion  of  the  hazards  and  the 
necessity  for  the  standard  are  contained 
in  the  sections  which  follow. 

Nature  of  the  Diving  Industry 

According  to  a  March  1975  census 
taken  by  NOAA,  the  commercial  diving 
population  in  the  United  States  numbers 
2305.  Commercial  divers  perform  a 
variety  of  underwater  tasks,  and  may  be 
engaged  in  diving  in  any  the  country’s 
coastal  waters,  the  Outer  Continental 
Shelf  (OCS) ,  throughout  the  Great 
Lakes  region,  and  in  many  of  the  na¬ 
tion’s  rivers  and  inland  lakes  (Exh.  12). 

As  reported  by  the  Undersea  Medical 
Society,  prior  to  about  1960  almost  all 
commercial  diving  in  the  United  States 
centered  around  harbor  areas  and  inland 
waterways,  and  consisted  mainly  of  con¬ 
struction,  repair  and  salvage  work.  Until 
that  time,  except  for  scientific  explora¬ 
tion  and  occasional  salvage  operations, 
the  United  States  Navy  did  the  bulk  of 
the  country’s  deep-sea  diving.  However, 
within  the  past  decade  and  a  half,  in  con¬ 
junction  with  this  nation’s  quest  for  ex¬ 
pansion  of  its  share  of  the  world’s  energy 
and  mineral  resources,  new  areas,  mainly 
those  located  in  coastal  waters  and  other 
further  off-shore  areas  have  been  opened 
for  exploitation.  Recent  international 
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political  and  economic  circumstances 
have  caused  this  trend  to  be  accelerated 
(NIOSH  I,  A-l) . 

According  to  the  U.S.  Department  of 
Interior’s  Bureau  of  Land  Management, 
there  are  currently  over  2,000  oil  and 
gas  producing  facilities  in  the  Gulf  of 
Mexico,  and  an  additional  five  off  Cali¬ 
fornia’s  Santa  Barbara  channel  (Tr.  17) . 
NOAA  places  the  present  diver  popula¬ 
tion  in  the  Gulf  of  Mexico  at  905  full¬ 
time  and  450  part-time  divers  (Exh.  12, 
Table  2,  p.  7).  Several  states,  namely 
Alaska,  California,  Texas  and  Louisiana 
have  recently  proceeded  to  expand  their 
off-shore  leasing  activities.  In  addition, 
the  Federal  government  has  initiated  a 
program  of  leasing  new  sections  of  the 
Outer  Continental  Shelf  (Tr.  14-31; 
Exhs.  23,  24).  Sales  have  recently  been 
made  off  the  West  Coast  near  Southern 
California,  and  sites  along  the  mid-At¬ 
lantic  Coast  (Baltimore  Canyon)  and  in 
the  Gulf  of  Alaska  are  scheduled  for 
leasing  during  1976.  Although  water 
depths  of  the  Baltimore  Canyon  area 
range  from  130-500  feet  seawater 
(FSW),  the  ocean  floor  in  the  area  of 
the  new  Southern  California  leases  is 
650  FSW  at  its  shallowest  and  in  some 
places  exceeds  2,400  FSW.  Of  the  six  most 
recent  lease  proposals,  the  water  depth 
for  potential  oil  and  gas  exploration  ex¬ 
ceeds  650  FSW.  Deep  water  and  tem¬ 
perature  adversity  is  also  forecast  for  the 
Alaska  drilling  areas. 

While  the  majority  of  inland  and  har¬ 
bor  diving  occurs  at  depths  less  than  100 
FSW,  the  off-shore  diver  works  with  oil 
rigs  which  regularly  require  operations 
at  depths  reaching  380  FSW.  It  is  not 
uncommon  for  dives  to  be  required  at 
500-600  FSW.  Exploration  from  mobile 
drilling  units  is  beginning  to  take  place 
in  depths  approaching  and  sometimes 
exceeding  1,000  FSW.  More  diving  at 
these  deeper  depths  can  be  anticipated. 

The  Department  of  Interior’s  provi¬ 
sional  plan  schedule  anticipates  that 
some  400  new  platforms  and  up  to  70 
new  underwater  pipelines  will  be  con¬ 
structed  in  the  near  future.  Paced  by  the 
rapidly  expanding  offshore  petroleum 
and  material  extraction  industry,  the 
need  for  trained  and  experienced  divers 
has  and  will  become  markedly  increased. 
Divers  are  utilized  in  each  of  the  three 
phases  of  this  industry:  exploration,  de¬ 
velopment  and  production.  During  the 
initial  exploration  phase,  each  deep  wa¬ 
ter  rig  utilizes  between  5-10  divers,  with 
the  average  using  seven.  One  diving  con¬ 
tractor  has  suggested  that  this  expansion 
of  off-shore  activity  alone  will  result,  at 
a  minimum,  in  the  need  for  approxi¬ 
mately  1,000  new  divers  (Tr.  151). 

The  configuration  of  the  commercial 
diving  industry  is  such  that  90  percent 
of  all  off-shore  operations  are  conducted 
by  some  23  contractors  who  employ  over 
half  of  the  country’s  commercial  divers. 
In  addition,  there  are  approximately  400 
small  and  medium  sized  diving  com¬ 
panies,  whose  work  principally,  but  not 
exclusively,  is  confined  to  harbors  and 
inland  waterways.  In  much  of  the  diving 
industry,  the  work  Is  seasonal.  All  diving 


contractors,  but  especially  the  smaller 
ones,  depend  on  part-time  divers  to  fill 
temporary  manpower  needs. 

With  the  projected  increased  demand 
for  deep  sea  divers,  concern  has  been 
raised  as  to  the  availability  of  adequately 
trained  and  experienced  personnel  to  fill 
the  existing  and  anticipated  manpower 
void  (see,  e.g.,  Tr.  151-152) .  The  previous 
training  of  divers  being  introduced  into 
these  operations,  whether  in  the  military, 
in  shallow  water  diving,  or  in  diving 
schools,  is  in  many  cases  not  well-suited 
to  the  more  hazardous  diving  modes 
required. 

Although,  some  diving  contractors  have 
developed  an  extensive  training  capabil¬ 
ity  within  their  own  organizations,  most 
employers  have  not  been  able  to  do  so. 
The  result  is  that  divers  entering  this 
field  may  not  bring  with  them  the  nec¬ 
essary  experience  to  be  able  to  function 
safety.  Similar  factors  may  result  in  the 
entry  into  the  field  of  new  employers  who 
do  not  possess  sufficient  relevant  safety 
and  health  experience. 

The  diving  industry,  which  is  thus  en¬ 
tering  its  most  expansive  stage  of  devel¬ 
opment,  is  in  an  area  of  employment  de¬ 
void  of  mandatory  occupational  safety 
and  health  regulations,  save  for  certain 
voluntary  efforts  by  the  industry  itself. 
While  the  efforts,  particularly  as  repre¬ 
sented  in  the  ADC  diving  manual,  have 
had  some  measure  of  success  and  are  to 
be  complimented  and  encouraged,  they  do 
not  have  the  force  of  law  behind  them, 
nor  are  they  universally  accepted.  Efforts 
to  establish  a  consensus  standard  have 
also  not  yet  reached  fruition.  Thus,  al¬ 
though  diving  is  recognized  by  one  of  the 
nation’s  leading  insurance  carriers  as  an 
occupation  with  high-risk  classification 
(Exh.  14) ,  no  enforceable  set  of  national 
safety  and  health  standards  have,  prior 
to  this  ETS,  ever  been  established. 

Work  Practices  and  Hazards 

Divers  are  called  upon  to  utilize  their 
skills  in  activities  Involving  construction, 
repair,  salvage,  inspection,  rescue  and 
scientific  exploration  (see,  e.g.,  Tr.  149). 

The  work  environment  of  the  driver  is 
inherently  a  hostile,  one,  posing  a  multi¬ 
plicity  of  hazardous  conditions.  This 
situation  with  its  inherent  potentiality 
for  high  risk  is  being  exacerbated  by  the 
increasing  physical  and  mental  demands 
resulting  from  the  application  of  tech¬ 
nological  innovations. 

Traditionally  the  diver  has  worked 
alone.  Today,  however,  although  many 
jobs  still  call  for  a  single  diver,  a  signifi¬ 
cantly  growing  number  of  assignments 
are  requiring  the  use  of  diving  teams 
employing  backup  and  support  special¬ 
ists. 

The  diver  must  rely  on  an  external 
life-support  system  while  underwater, 
and  must  perform  under  a  variety  of 
highly  specific  performance  constraints. 
These  constraints  include  diminished 
sensory  and  perceptual  capabilities,  in¬ 
terference  with  cognitive  processes  and 
psychomotor  skills,  and  reduced  physical 
working  capacity.  Factors  such  as  en¬ 
vironmental,  psychological,  and/or 


physiological  stress,  inappropriate  hu¬ 
man  engineering  efforts,  and  Inadequate 
selection  and  training  further  hamper 
the  diver’s  efforts.  The  diver  must  make 
highly  specific  adaptations  to  his  equip¬ 
ment,  his  environmental  working  con¬ 
ditions,  the  work  strategies  he  uses  to  do  ' 
the  job,  and  the  stresses  which  reduce 
his  effectiveness  (NIOSH  I,  6-1) . 

In  diving,  several  techniques  and 
modes  are  available.  These  include  self- 
contained  (SCUBA) ,  surface-supplied, 
bell,  mixed-gas,  and  saturation  diving. 
Their  appropriateness  for  any  particular 
situation  depends  on  a  number  of  fac¬ 
tors,  including  the  depth,  time,  and  na¬ 
ture  of  the  operation  to  be  performed,  as 
well  as  the  experience  and  technical 
capabilities  of  the  employer  and  his  em¬ 
ployees  (see,  e.g.,  Tr.  147;  NIOSH  I,  8- 
4,5)* 

SCUBA  diving,  with  the  diver  carrying 
his  own  air  supply,  is  used  primarily  for 
inspections  and  search  activities.  Diver 
inwater  mobility  and  quick  operation 
setup  are  its  principal  assets.  Breathing 
resistance,  the  diver’s  difficulty  in  phys¬ 
ically  orienting  himself  to  the  work¬ 
site,  limited  breathing  gas  supply  and 
particularly  the  absence  of  clear  voice 
communications  with  the  surface  limit 
the  usefulness  of  SCUBA  in  commercial 
activities  (e.g.,  NIOSH  “II,  C-45-48). 

Surface-supplied  techniques,  both  hel¬ 
met  and  mask,  are  commonly  used 
throughout  the  diving  industry  (e.g., 
NIOSH  H,  C-48-52) .  This  method  in¬ 
volves  providing  the  working  diver  with 
his  breathing  mixture,  whether  air  or 
mixed  gas,  through  a  hose  from  a  source 
located  on  the  working  platform  surface. 
This  is  a  reliable  method  of  supplying  the 
diver  with  life  support  and,  because  he  is 
tethered  to  the  surface,  facilitates  con¬ 
trol  over  his  activities  below.  The 
major  safety  limitation,  however,  in¬ 
volves  the  duration  of  inwater  decom¬ 
pression;  for  while  the  diver  is  in  the 
water  undergoing  decompression,  he  is 
continuously  subjected  to  the  tempera¬ 
tures,  currents  and  other  factors  of  the 
environment.  A  protracted  stay  induces 
fatigue  and  increases  the  likelihood  of 
weather  shifts  which  will  affect  surface 
operations  (NIOSH  n,  C-6) . 

When  a  dive  is  particularly  deep  or 
lengthy,  therefore,  bell  diving  becomes 
appropriate  (e.g.,  NIOSH  H,  C-52-55) . 
An  open  bottom  bell  affords  the  diver 
environmental  protection  during  decom¬ 
pression.  Though  It  does  not  provide  all 
the  safety  features  of  a  closed  transfer- 
under-pressure  bell,  it  provides  signifi¬ 
cant  safety  advantages  when  compared 
to  the  safety  of  a  surface-supplied,  in¬ 
water  diver.  Thus,  with  a  bell  the  diver 
has  a  short  umbilical,  is  always  close  to 
a  sanctuary  and  can  be  decompressed  in 
the  safety  of  a  deck  chamber,  and  a  dive 
can  be  readily  aborted  in  the  event  of 
difficulty  (NIOSH  H,  C-7) . 

Mixed-gas  diving  is  carried  out  with 
mixtures  of  oxygen  and  inert  gases  such 
as  helium,  and/or  nitrogen.  This  mode 
replaces  air  diving  when  the  partial 
pressure  of  the  oxygen  and  nitrogen  in 
the  compressed  air  pose  the  likelihood  of 
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toxic  effects.  At  present,  mixed-gas  div¬ 
ing  is  generally  used  from  150  to  about 
500  PSW.  Generally,  mixed-gas  divers 
are  hose-supplied  and  use  semi-closed 
breathing.  Diving  may  be  done  from 
bells  or  may  be  surface-supplied  (Exh.  31, 

p.  2). 

Mixed-gas  diving  can  be  divided  into 
three  categories :  short  duration,  medium 
duration,  and  total  saturation.  Short 
duration  profiles  are  used  or  minor  re¬ 
pair,  adjustment  or  inspection,  and  other 
typical  diving  support  tasks.  Working 
time  is  usually  15  to  30  minutes.  This  div¬ 
ing  mode  is  characterized  by  relatively 
short  decompression.  Medium  duration 
diving  includes  dives  which  generally  last 
up  to  one  hour  or  more,  depending  on 
depth,  and  may  involve  a  long  decom¬ 
pression  time(  NIOSH  1, 2T-2) . 

The  third  category  is  total  saturation 
diving,  which  is  used  in  situations  where 
the  diver  will  be  exposed  to  high  pres¬ 
sures  for  long  periods.  For  diving  depths 
exceeding  400-600  FSW  over  two  hours, 
saturation  diving  must  be  employed.  The 
advantage  of  saturation  diving  is  that 
once  the  body  tissues  become  saturated 
at  any  given  depth  with  all  the  inert  gas 
they  can  absorb,  the  decompression  pen¬ 
alty  from  this  exposure  remains  the  same 
regardless  of  the  length  of  time  endured 
at  that  ambient  pressure  (Exh.  31,  p.  3). 

Whatever  the  diving  technique  or  mode 
used,  the  ability  of  diving  and  support 
teams  to  act  effectively  and  safely  is  de¬ 
pendent  upon  the  level  of  competence  of 
each  of  its  members.  Ensuring  that  per¬ 
sonnel  meet  the  required  qualifications 
and  are  in  good  physical  condition  is  the 
responsibility  of  the  employer,  as  no  sin¬ 
gle  aspect  of  diving  safety  is  as  impor¬ 
tant  as  the  skill  of  the  individual  diver 
(see  NIOSH  n,  B-l,  et  seq.).  Improper 
actions  by  the  diver  can  quickly  lead  to 
dangerous  situations;  panic  in  an  emer¬ 
gency  can  mean  death.  The  time  between 
normality  and  emergency  is  often  meas¬ 
ured  in  seconds.  The  diver  must  be  in 
excellent  physical  and  emotional  health 
to  continuously  and  clearly  perceive  his 
own  situation  (NIOSH  n,  C-26). 

In  addition  to  well-trained  personnel, 
sound  operating  procedures  are  neces¬ 
sary  to  ensure  that  diving  operations  are 
conducted  in  a  safe  and  efficient  manner 
(see  NIOSH  n,  C-l  et.  seq.).  However, 
no  single  set  of  procedures  can  anticipate 
all  operating  situations.  Sound  judgment, 
an  ability  to  recognize  present  or  devel¬ 
oping  hazards,  and  maximum  attention 
to  personnel  safety  must  continue  to  be 
the  cornerstones  of  safe  diving  opera¬ 
tions. 

Underwater  task  assessment,  determin¬ 
ing  what  the  diver  must  do  to  complete 
the  job,  is  a  basic  element  of  effective 
planning  (NIOSH  n,  C-2) .  Task  assess¬ 
ment  in  diving  is  closely  related  to  safety. 
If  operations  lack  appropriate  tools  or 
materials  for  a  given  task,  makeshift 
equipment  or  rigging  which  may  en¬ 
danger  the  diver  may  be  used  instead. 
Improper  task  evaluation  may  require  an 
extension  of  bottom  time,  necessitating 
unplanned  decompression  or  extending 
decompression  time. 


Environmental  conditions  often  affect 
the  choice  of  diving  procedure  and  fre¬ 
quently  determine  whether  diving  can  be 
carried  out.  Wave  height  and  period,  sea 
and  air  temperatures,  weather  conditions, 
underwater  visibility  and  currents,  and 
the  nature  of  the  bottom  all  have  sig¬ 
nificant  influence  on  diving  safety.  Al¬ 
though  the  exact  conditions  cannot  be 
known  until  the  operation  begins,  proper 
planning  calls  for  attention  to  the  selec¬ 
tion  of  techniques  and  equipment  which 
will  yield  maximum  safety  under  antici¬ 
pated  conditions  (NIOSH  n,  C-3) . 

Surface  water  conditions  also  govern 
whether  diving  may  or  may  not  be  con¬ 
ducted  safely.  Surface  water  conditions 
can,  within  limits,  be  predicted  and  must 
be  considered  in  planning  the  operation. 
Techniques  and  equipment  can  be  se¬ 
lected  to  minimize  hazards,  if  they  are 
anticipated  beforehand  (NIOSH  n,  C-3) . 

Maintenance  of  diver  warmth  is  a  key 
step  in  planning.  Anticipated  tempera¬ 
tures  must  be  evaluated,  and  appropriate 
passive  or  active  thermal  protection  must 
be  provided.  High  water  temperatures 
can  create  situations  which  may  expose 
the  diver  to  heat  prostration,  while  cold 
water  operations  cause  rapid  heat  loss 
from  the  diver’s  body  surface.  This  nor¬ 
mally  demands  insulating  suits  of  vary¬ 
ing  degrees  of  complexity,  depending 
upon  the  thermalgradlent.  In  deep  diving 
when  helium-oxygen  is  employed,  heat 
loss  is  so  great  that  it  inhibits  the  body's 
ability  to  maintain  normal  body  temper¬ 
ature.  Such  diving  often  requires  suits 
equipped  with  supplementary  heating 
(Exh.  6,  3-16,  17,  8-9;  NIOSH  H,  C-3). 

The  type  and  quantity  of  equipment 
used  is  also  critical  to  the  conduct  of  a 
safe  operation  (NlOSH  n,  C-9;  D-l,  et 
seq.).  All  equipment  used  in  diving  op¬ 
erations  must  be  in  proper  operating  con¬ 
dition  and  thoroughly  tested  prior  to  use. 
The  safety  implications  of  equipment 
failure  or  misuse  for  the  diver  and  pos¬ 
sibly  the  surface  crew  are  so  severe  that 
the  greatest  attention  must  be  given  to 
equipment  condition  (NIOSH  n,  C-28) . 

In  addition  to  familiarity  with  his 
personal  equipment,  the  diver  must  also 
be  competent  in  using  the  tools  he  will 
employ  and  familiar  with  the  tasks  to  be 
undertaken.  This  familiarity  requires 
training  and  continuous  practice  to  de¬ 
velop  the  required  proficiency.  The  per¬ 
son  in  charge  of  the  diving  operation 
must  ensure,  before  the  dive  is  made, 
that  the  diver  understands  how  the  task 
is  to  be  executed  and  its  inherent  dangers 
(NIOSH  H,  C-27) .  This  is  especially  true 
because  many  of  the  work  tasks  per¬ 
formed  by  divers,  such  as  cutting,  weld¬ 
ing,  and  using  explosives,  are  themselves 
very  hazardous. 

It  1s  Important  that  the  depth  of  the 
dive  site  be  known  with  precision,  by 
accurate  measurement.  Of  even  greater 
importance  to  safety  is  the  continuous 
knowledge  of  the  diver’s  depth  on  a  real¬ 
time  basis,  because  this  will  determine 
his  decompression  regimen  (NIOSH  n, 
C-10,  11). 

An  immediately  available  source  of 
emergency  breathing  gas  is  a  necessity  in 


case  a  diver  loses  his  primary  supply. 
This  reserve  supply  may  take  many 
forms,  but  proper  administration  of  a 
diving  operation  requires  that  it  be  avail¬ 
able  to  the  working  diver.  In  deep  diving, 
methods  of  supplying  additional  gas  to 
the  diver  to  permit  proper  ascent  in 
emergency  situations  must  be  carefully 
assessed.  Diving  bells,  both  open  and 
closed,  must  be  equipped  with  a  reserve 
breathing  gas  supply.  This  will  usually 
entail  having  a  primary  topside  supply 
and  a  reserve  cylinder  supply  on  the  bell 
for  immediate  switchover  (NIOSH  n,  C- 
11,  12). 

Communications  of  all  forms  are  vital 
to  safe  diving.  Whether  to  advise  vessels 
in  the  area  of  the  operation,  summon 
emergency  aid,  or  coordinate  operations 
between  the  diver  and  the  surface,  good 
communications  are  essential  and  must 
be  properly  planned  (NIOSH  n,  C-20). 

Commercial  divers  work  from  a  wide 
variety  of  surface  platforms.  These  range 
from  exploratory  drilling  ships  and  con¬ 
struction  barges  to  offshore  supply  boats, 
tugs,  bridges,  tops  of  dams,  and  scalf- 
foldlngs.  A  safe  diving  platform  should  be 
stable,  secure,  and  have  adequate  work¬ 
ing  space.  A  proper  platform  is  an  im¬ 
portant  component  of  overall  safety.  For 
Instance,  the  vessel  should  always  be 
equipped  with  a  diving  platform,  ladder, 
or  stage  for  diver  safety  while  entering 
and  leaving  the  water.  Also,  all  supplies, 
particularly  compressed  gas  equipment, 
must  be  secured  in  a  way  which  pre¬ 
cludes  their  being  dislodged  by  vessel 
motion.  Emergency  supplies  that  are 
stowed  must  be  immediately  accessible 
(NIOSH  H,  C-21-23)., 

Proper  planning  for  emergencies  and 
development  of  contingency  plans  is  a 
requirement  for  all  diving  activities. 
Specific  written  instructions,  which  are 
understood  and  available  to  all  mem¬ 
bers  of  the  diving  team,  must  be  pro¬ 
vided  for  all  emergency  situations 
(NIOSH  n,  C-23).  Potential  emergen¬ 
cies  for  which  contingency  planning  is 
necessary  include  loss  of  voice  communi¬ 
cations,  interruption  of  the  surface  gas 
supply,  severance  of  the  diver’s  umbilical 
(hose  bundle),  diver  entanglement  or 
entrapment,  uncontrolled  ascent  to  the 
surface  (blowup),  and  an  acute  illness 
or  injury  to  the  diver  while  he  is  in  the 
water  (See,  e.g.,  NIOSH  n,  C-49) . 

A  standby  diver  is  essential  for  most 
diving  operations.  His  responsibility  is 
to  go  to  the  aid  of  the  working  diver 
Immediately.  Dispatching  the  standby 
diver  should  not  be  delayed.  At  the  first 
indication  of  working  diver  distress,  the 
standby  diver  should  be  deployed.  The 
order  to  reach  the  diver  who  needs  help 
quickly  (NIOSH  U,  C-23) . 

In  an  emergency  many  forms  of  out¬ 
side  aid  may  be  required,  and  careful 
consideration  must  be  given  to  this  be¬ 
fore  the  operation  is  undertaken.  Nec¬ 
essary  emergency  information  includes 
telephone  numbers  of  recompression  fa¬ 
cilities,  USCG,  air  transportation,  clos¬ 
est  hospital,  and  consulting  physician 
trained  in  hyperbaric  medicine.  The  re¬ 
moteness  of  many  diving  sites  places  a 
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premium  on  effective  first  aid  treatment 
in  medical  emergencies.  Diving  opera¬ 
tions  require  that  reasonably  compre¬ 
hensive  medical  supplies  and  first  aid 
treatment  instructions  be  available.  At 
least  one  person  trained  in  first-aid  must 
be  at  every  dive  site  CNIOSH  n,  C-24) . 

Knowledge  of  recompression  treat¬ 
ment  is  essential  in  diving  operations, 
particularly  those  involving  dives  requir¬ 
ing  stage  decompression.  Situations  can 
range  from  simple  joint  pain  to  life- 
threatening  central  nervous  system 
(CNS)  involvement  and  gas  embolism. 
This  contingency  must  be  properly 
planned  for.  Required  equipment,  in¬ 
cluding  a  decompression  chamber  on  site, 
is  necessary  where  there  is  extended 
stage  decompression  and  clear  emer¬ 
gency  instructions  must  be  provided  for 
every  diving  operation  (NIOSH  n.  C-24) . 

Fire  is  a  potential  danger  on  diving 
platforms,  especially  in  pressurized 
chambers  or  wherever  compressed  oxy¬ 
gen  is  being  used. 

Special  precautions,  such  as  monitor¬ 
ing  the  oxygen  level  in  decompression 
chambers  and  eliminating  combustibles 
to  the  extent  feasible,  need  to  be  taken 
to  protect  against  fire.  In  addition,  emer¬ 
gency  fire  fighting  and  evacuation  plans 
must  be  incorporated  into  the  emergency 
procedures  planning  on  every  dive  site 
(NIOSH  n,  C-33) . 

The  quantity  and  quality  of  a  diver’s 
breathing  gas  are  of  fundamental  im¬ 
portance  to  the  diver’s  safety.  The  qual¬ 
ity  of  compressed  air  should  always  be 
considered,  as  oil,  carbon  monoxide  and 
carbon  dioxide  can  be  significant  con¬ 
taminants.  Compressors  should  be  well 
maintained  and  have  impurity-free  in¬ 
takes.  All  premixed  gases,  even  when 
tagged  for  composition,  should  be 
checked  onsite  for  oxygen  content  before 
use  to  avoid  errors  which  could  produce 
anoxia  or  oxygen  toxicity  at  depth.  Sim¬ 
ilarly,  use  of  compressed  air  from  com¬ 
pressors  requires  a  knowledge  of  the 
type  and  condition  of  the  compressor 
to  assure  oil  and  carbon-monoxide-free 
breathing  gas  (NIOSH  II,  C-28,  29). 

Location  of  the  compressor  intake  is 
important.  The  intake  must  be  situated 
so  that  it  cannot  draw  in  exhaust  fumes, 
regardless  of  shifts  in  the  prevailing 
wind.  Also,  the  compressor  intake  should 
not  draw  from  the  vicinity  of  exhaust 
from  the  ship's  engines  or  other  operat¬ 
ing  machinery  (NIOSH  n.  C-30) . 

Breathing  gas  must  be  available  in 
sufficient  quantity  and  pressure  to  per¬ 
mit  normal  and  emergency  operations 
to  be  conducted.  Sufficient  reserves  must 
be  available  for  all  anticipated  emer¬ 
gency  circumstances.  Backup  sources 
must  be  available  in  case  the  primary 
source  is  lost  (NIOSH  n,  C-19) . 

Hoses  are  a  diver's  life  line,  and  their 
integrity  must  be  protected  to  assure 
safety.  All  hoses  comprising  the  diver’s 
life  support  which  are  exposed  to  poten¬ 
tial  damage  as  a  result  of  falling  objects, 
personnel,  traffic,  etc.,  must  be  protected. 
All  breathing  gas  hoses  should  be  olygen 
cleaned  so  as  to  purge  them  of  contami¬ 
nants  which  could  otherwise  react  with 


the  oxygen  under  pressure  in  the  breath¬ 
ing  mixture  (NIOSH  H,  C-30). 

Live  boating,  the  practice  of  support¬ 
ing  a  tethered  diver  from  a  vessel  under¬ 
way.  is  a  technique  often  used  to  inspect 
newly  laid  pipelines  and  in  other  situa¬ 
tions  requiring  diver  mobility  over  long 
distances.  71115  useful  procedure  has  cer¬ 
tain  inherent  hazards  which  require  spe¬ 
cial  consideration. 

The  propellers  of  vessels  used  for  live 
boating  must  be  equipped  with  shrouds 
or  similar  devices  which  will  prevent  the 
tether/umbilical  from  becoming  entan¬ 
gled  in  the  propellers.  Clear,  audible 
voice  communications  must  exist  be¬ 
tween  the  diver  and  tender  at  all  times 
during  the  operation.  Tending  a  diver 
engaged  in  live  boating  requires  special 
techniques  and  the  tender  must  be  famil¬ 
iar  with  such  techniques  (NIOSH  II. 
C-37  > . 

In  the  water,  particularly  in  case  of 
limited  visibility,  a  number  of  under¬ 
water  jobsite  hazards  may  be  present. 
Fouling  by  debris,  structures,  new  and 
old  rigging,  rocks,  and  numerous  other 
items  is  not  uncommon.  If  the  diver  is 
fouled  and  indicates  panic  or  is  unable 
to  free  himself,  the  person  in  charge  erf 
the  diving  operation  must  immediately 
dispatch  the  standby  diver  to  follow  the 
working  diver’s  lifeline  and  assist  in 
freeing  him.  In  situations  involving  en¬ 
try  into  confined  areas  such  as  wrecks, 
tunnels,  sewer  outfalls  or  other  situa¬ 
tions  in  which  entrapment  is  possible,  a 
second  diver  must  tend  the  primary  div¬ 
er  at  the  point  of  entry  (NIOSH  II,  C- 
40-41). 

Divers  have  been  killed  working  in  the 
vicinity  of  major  Inflow/outflow  pipes, 
sluices,  etc.,  in  which  extremely  high  lo¬ 
cal  currents  may  be  encountered.  If  such 
conditions  are  anticipated,  the  employer 
must  take  special  precautions  to  protect 
the  divers  from  these  hazards  (NIOSH 
II.  C-41) . 

Physiological  Hazards 

Divers  are  particularly,  and  in  some 
cases  uniquely,  susceptible  to  certain 
kinds  of  physiological  hazards.  The  na¬ 
ture  of  the  employment  requires  divers 
to  be  exposed  constantly  to  a  hostile  en¬ 
vironment.  On  any  dive,  he  must  adapt 
to  such  potentially  harmful  physical 
agents  as  pressure,  breathing  mixtures, 
and  water  in  addition  to  thermal  expo¬ 
sure.  One  pervasive  variable  is  the  ele¬ 
ment  of  depth.  Increased  depth  means 
increased  pressure,  approximately  1  at¬ 
mosphere  (14.7  pounds  per  square  inch) 
for  every  33  feet  of  depth.  While  every 
increase  in  pressure  does  not  necessarily 
create  a  proportionately  greater  risk  of 
a  diver's  encountering  a  physiological 
hazard,  some  medical  hazards  are  inher¬ 
ently  pressure-related. 

When  a  person  is  exposed  to  a  hyper¬ 
baric  environment,  the  elevated  gas  pres¬ 
sure  that  he  must  breathe  causes  an  in¬ 
crease  in  the  quantity  of  gas  dissolved 
in  his  body.  Subsequent  ascent  to  a  les¬ 
ser  environmental  pressure  can  cause 
this  gas  to  come  out  of  solution,  and  this 
can  produce,  either  directly  or  indirectly. 


a  condition  called  decompression  sick¬ 
ness.  As  discussed  more  fully  below,  de¬ 
compression  sickness  may  be  manifested 
as  rash,  pain,  paralysis  or  even  death.  It 
can  be  prevented  by  controlling  the  as¬ 
cent  of  the  diver  in  such  a  way  that  the 
pressure  of  the  gases  in  solution  never 
exceeds  some  critical  pressure,  which  is 
related  to  the  ambient  pressure.  The  plan 
or  procedure  for  the  regulation  of  an 
ascent  in  order  to  prevent  the  formation 
or  growth  of  bubbles  is  called  a  decom¬ 
pression  schedule  or  table.  Many  factors 
go  into  the  determination  of  decom¬ 
pression  schedule  and  its  effectiveness  in 
returning  a  diver  to  the  surface  safely 
(NIOSH  II,  E-l ) . 

Gases  enter  or  leave  body  tissues  de¬ 
pending  on  whether  their  partial  pres¬ 
sure  in  arterial  blood  is  greater  or  less 
than  their  partial  pressure  in  the  tissues. 
The  rate  at  which  gases  are  taken  up 
or  eliminated  by  any  tissue  depends  on 
the  partial  pressure  gradient  between  the 
blood  and  tissue,  the  respective  solubil¬ 
ities  of  the  gas  in  blood  and  the  tissue, 
the  rate  of  blood  flow  through  the  tissue, 
and  the  diffusion  rate  and  path  of  the 
gas  within  the  tissue  (NIOSH  n.  E-2) . 

The  deeper  the  diving  depth,  the 
greater  the  initial  gradient  for  gas  up¬ 
take  and  the  greater  the  maximum 
amount  of  gas  which  can  be  taken  up. 
The  longer  an  exposure,  the  closer 
each  tissue  will  come  to  reaching 
equilibrium  with  the  arterial  gas  con¬ 
sumption.  Once  equilibrium  between  the 
gas  being  breathed  and  tissue  has 
been  reached;  however,  no  additional  gas 
will  be  taken  up  even  if  the  exposure 
is  extended  in  time.  This  condition  is 
called  saturation  (NIOSH  II,  E-3) . 

Bubbles  will  form  in  biologic  systems 
only  if  gas  micronuclei  are  present.  Dop¬ 
pler  ultrasonic  monitoring  has  shown 
that  some  bubbles  always  e^ist  during 
decompression,  even  in  the  absence  of 
symptoms  of  decompression  sickness,  and 
have  been  identified  as  causing  disturb¬ 
ances  in  the  linings  of  the  blood  vessels 
and  in  the  blood  itself,  and  as  the  cause 
of  long  term,  subtle  physiological  effects 
to  various  organs  of  the  body  (Tr„  260, 
695-702;  NIOSH  I,  3-1-25;  NIOSH  H, 
E-5). 

Bubbles  are  directly  involved  in  caus¬ 
ing  the  symptoms  of  decompression  sick¬ 
ness.  The  term  decompression  sickness 
is  applied  to  any  group  of  signs  or 
symptoms  which  result  from  a  reduc¬ 
tion  in  ambient  pressure.  The  symptoms 
manifest  themselves  in  a  number  of  dif¬ 
ferent  ways:  a  critical  bubble  volume 
which  can  block  a  blood  vessel  or  bend  a 
nerve  ending  beyond  its  pain-provoking 
threshold;  a  blood-bubble  interaction 
which  can  cause  various  forms  of  hema¬ 
tological  disorder,  and  various  autoim¬ 
mune  responses;  or  bubble- tissue  inter¬ 
actions  leading  to  extra  vascular  bio¬ 
chemical  abnormalities.  The  major 
categories  of  acute  decompression  sick¬ 
ness  are:  (1)  Limb  bends  and  cutaneous 
manifestations;  (2)  audio- vestibular  dis¬ 
order;  (3)  spinal  cord  involvement;  (4) 
brain  center  involvement;  and  (5)  chokes 
(NIOSH  I,  7-4) . 
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The  symptoms  may  vary  from  mild 
local  pain  or  itching  of  the  skin  to  col¬ 
lapse  with  unconsciousness  and  sudden 
death.  Decompression  sickness  usually 
causes  symptoms  shortly  after  a  dive 
or  other  pressure  exposure,  or  before 
reaching  the  surface  from  deeper  dives 
<Tr.,  45-40,  Exh.  27;  Exh.  28;  Exh.  6,  8- 
11,  12,  13;  NIOSH  II,  E-40). 

One  of  the  common  terms  used  for 
decompression  sickness  is  “bends”.  The 
term  bends  is  accurately  used  for  de¬ 
compression  sickness  with  “pain  only” 
symptoms.  Bends  affect  joints,  and  are 
characterized  by  a  deep,  steady  pain 
which  is  not  relieved  by  movement  or 
changing  the  position  of  the  limb 
(NIOSH  n,  E-40,  41). 

Another  common  type  of  decompres¬ 
sion  sickness  has  cutaneous  manifesta¬ 
tions,  i.e.,  only  the  skin  is  involved. 
There  may  be  itching  or  burning  sensa¬ 
tion,  and  blotching  or  mottling  of  the 
skin.  This  is  a  relatively  mild  form  of 
decompression  sickness  which  is  seen 
somewhat  less  frequently  than  local 
pain  (NIOSH  n,  E-41). 

Central  nervous  system  (CNS)  de¬ 
compression  sickness  may  take  a  num¬ 
ber  of  different  forms,  varying  from  lo¬ 
calized  numbness,  to  paralysis,  to  col¬ 
lapse  with  unconsciousneses.  The  fol¬ 
lowing  signs  and  symptoms  may  in¬ 
dicate  CNS  involvement:  numbness, 
weakness,  pain  in  the  abdominal  region, 
unconsciousness,  shock,  visual  disturb¬ 
ances,  nausea  and  vomiting,  speech  dif¬ 
ficulty,  dizziness  and  lack  of  balance*, 
among  other  abnormal  sensations.  Any 
CNS  involvement  is  considered  a  seri- 
out  decompression  sickness  (NIOSH  n, 
E-41) , 

Decompression  sickness  involving 
the  audiovestibular  system  is  seen  more 
often  during  decompression  from  very 
deep  dives.  It  may  manifest  itself  as 
partial  or  total  hearing  loss  or  ringing  of 
the  ears — usually  unilateral — or*a  sud¬ 
den  severe  vertigo,  dizziness  and  nausea 
(NIOSH  n,  E-41). 

The  word  “chokes”  is  applied  to  a  type 
of  decompression  sickness  occurring 
when  a  diver  experiences  shortness  of 
breath  with  coughing  or  wheezing,  or 
may  notice  pain  when  taking  a  deep 
breath.  The  victim  may  suddenly  lose 
consciousness  and  collapse  NIOSH  II, 
E-42) . 

As  another  result  of  exposure  to  a 
hyperbaric  environment,  divers  as  a  class 
are  subjected  to  an  increased  risk  of  sus¬ 
taining  skeletal  damage.  This  condition, 
known  as  dysbaric  osteonecrosis  (also 
known  as  aseptic  bone  necrosis,  avascu¬ 
lar  necrosis,  or  commonly  as  “bone  rot”) , 
Is  the  result  of  gas  absorption  into  and 
release  from  tissue  which  cause,  in  vary¬ 
ing  degrees,  a  deadening  of  the  bone  and 
marrow.  Although  the  disease  was  ini¬ 
tially  recognized  in  1911,  it  was  not 
until  1941  that  it  was  identified  in  divers, 
and  only  recently  have  its  pathogenesis 
and  etiology  been  significantly  explored. 
In  its  earliest  stages,  dysbaric  osteone¬ 
crosis  appears  as  lesions  in  the  shafts 
of  the  long  bones.  Increased  risk  of  addi¬ 
tional  lesions  are  likely  to  occur  with 
extended  diving  experience.  If  the  lesion 
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is  situated  near  a  joint,  a  structural  fail¬ 
ure  may  occur.  Such  failure  will  result 
in  pain  and  limitation  of  movement, 
followed  by  the  development  of  degen¬ 
erative  arthritis.  A  juxta-articular  lesion 
can  be  a  sufficient  joint  disorder  to  re¬ 
quire  that  diving  be  discontinued  for 
those  found  to  have  such  a  condition. 
While  the  use  of  physiologically  tested 
decompression  tables  will  not  eliminate 
skeletal  damage  entirely,  such  tables  are 
likely  to  reduce  its  incidence.  Data  sug¬ 
gests  an  extremely  high  incidence  where 
there  has  been  an  absence  of  proper 
diving  protocols.  Studies  also  suggest  sev¬ 
eral  apparent  predisposing  factors,  help¬ 
ful  in  identifying  those  divers  with  the 
greatest  susceptibility  or  highest  risk  of 
developing  osteonecrosis.  They  include: 
(1)  obesity,  (2)  age,  (3)  prior  decom¬ 
pression  sickness,  and  (4)  number,  depth, 
and  duration  of  dives  (Tr.,  64-70,  86-98, 
461-64;  Ex.  2;  Ex.  28;  NIOSH  I,  2-1-17; 
NIOSH  II,  E-42). 

Other  medical  problems  which  are  not 
true  decompression  sickness  can  occur 
as  a  result  of  reduction  of  ambient  pres¬ 
sure.  The  most  prominent  of  these  is 
gas  embolism,  usually  caused  by  over¬ 
expansion  of  the  lung  when  a  diver  holds 
his  breath  while  ascending.  Gas  thus 
forced  into  the  bloodstream  will  continue 
to  expand  as  the  ascent  continues.  If  any 
gas  bubbles  become  too  large  to  pass 
through  the  blood  vessels,  an  obstruction 
or  embolus  will  form  and  block  the 
proper  flow  of  blood.  The  bubbles  of  air 
forced  into  the  bloodstream  may  be  car¬ 
ried  directly  to  the  brain;  they  may  lodge 
in  the  arteries  or  the  spinal  cord;  or  they 
may  flow  under  the  skin  and  collect 
around  the  heart  or  in  the  chest  caus¬ 
ing  collapse  of  a  lung.  This  condition 
can  rapidly  cause  dramatic  and  very 
serious  symptoms — weakness,  disorienta¬ 
tion,  visual  and  hearing  disturbances, 
vertigo,  nausea,  shock  and  unconscious¬ 
ness  (Tr.  46;  Exh.  6-3-23,  8-9;  NIOSH 
n,  E-43) . 

Related  problems  arise  due  to  gas  be¬ 
ing  forced  into  other  body  spaces. 
Pneumothorax  occurs  if  the  membrane 
lining  the  outside  of  the  lungs  ruptures, 
causing  gas  to  escape  from  the  lung  into 
the  chest  cavity  and  the  lung  to  col¬ 
lapse.  Another  condition  sometimes  as¬ 
sociated  with  decompression  is  mediasti¬ 
nal  emphysema,  which  is  the  result  of 
air  being  forced  into  the  tissues  around 
the  heart  and  the  major  blood  vessels. 
During  decompression,  the  air  trapped 
here  may  rapidly  expand,  causing  cir¬ 
culation  stress,  pain,  and  shortness  of 
breath  (Exh.  6,  8-9,  10;  NIOSH  n, 
E-43). 

Other  pressure-related  problems  may 
arise  as  a  diver  descends  in  the  water 
whenever  the  pressure  in  the  natural  air 
passages  of  the  body  (lungs,  ear  and 
sinuses,  teeth,  and  intestines) ,  or  in  cer¬ 
tain  items  of  equipment  which  put  an 
air  space  next  to  the  diver’s  body  or  face, 
cannot  be  equalized  due  to  blockages 
which  trap  air  in -the  passages.  This 
situation  is  known  as  barotrauma  (or  a 
“squeeze”)  and  can  be  painful.  If  the 
pressure  imbalance  is  great  enough,  it 
can  result  in  ruptured  blood  vessels  or 
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other  tissue  damage  (Exh.  6,  3-18-20). 

Barotrauma  can  affect  the  middle 
ear,  external  ear,  teeth,  lungs,  intestines, 
face,  or  whole  body  (Exh.  6,  8-7).  The 
most  frequently  occuring  otologic  prob¬ 
lem  associated  with  diving  is  aural  baro¬ 
trauma,  resulting  from  a  pressure  dif¬ 
ferential  between  the  middle  ear  and 
external  environment.  During  ascent  or 
descent,  altemobaric  vertigo  may  occur 
as  a  result  of  unequal  middle  ear  pres¬ 
sure  equalization.  An  upsurge  in  persist¬ 
ent  and  permanent  cochlear  and  vestib¬ 
ular  injuries  associated  with  various 
phase  of  diving  have  also  been  re¬ 
ported.  One  type  has  involved  several 
cases  of  round  window  fistulas  in  which 
severe  neurosensory  hearing  loss  and 
tinnitus  have  been  experienced.  A  sec¬ 
ond  type  of  inner  ear  injury  has  been 
traced  to  exposure  to  extended  deep 
dives  in  which  breathing  mixture  com¬ 
position  changes  were  involved  (NIOSH 
1, 1-3-8) . 

With  the  recent  advent  of  more  fre¬ 
quent  and  deeper  exposures,  such  as  oc¬ 
cur  in  saturation  diving,  in  combination 
with  the  use  of  different  inert  gases,  in¬ 
creased  instances  of  ear  squeezes  in¬ 
volving  auditory  and  vestibular  dysfunc¬ 
tion  have  occurred  resulting  in  vertigo 
and  hearing  loss.  Divers  cannot  perform 
sophisticated  underwater  operations  if 
their  auditory-communication  and  ves¬ 
tibular-orientation  systems  are  mal¬ 
functioning.  In  the  diving  environment, 
the  otolithic  system  which  conveys  in¬ 
formation  about  linear  motion  and  di¬ 
rection  of  gravity  may  become  distorted 
causing  critical  confusion  as  to  upward 
and  downward  directions  (NIOSH  I, 
1-1). 

A  further  compression-related  physi¬ 
ological  hazard  is  the  High  Pressure 
Nervous  Syndrome  (HPNS).  This  is  a 
condition  due  to  too  much  compression 
at  depths  greater  than  500  feet  causing 
changes  in  the  electrical  activity  of  the 
brain,  tremors,  fatigue,  nausea,  and  diz¬ 
ziness.  Its  onset  makes  effective  work 
difficult  at  thefce  depths  and  may  set  the 
limit  for  man  in  deep  diving.  It  indicates 
the -need  for  compression  profiles  or 
tables  at  the  depths  where  High  Pres¬ 
sure  Nervous  Syndrome  has  been  ob¬ 
served  (Tr.  263-4;  NIOSH  I,  1-5,  12-1 
et  seq.) . 

In  addition  to  the  hazards  caused,  di¬ 
rectly  or  indirectly,  by  the  high  pressure 
to  which  a  diver  is  exposed,  he  is  also  ex¬ 
posed  to  a  number  of  hazards  which  are 
associated  with  his  breathing  mixture. 

The  fact  that  a  diver  breathes  a  com¬ 
pressed  mixture,  whether  air  or  a  mix¬ 
ture  of  gases  (Oi-N,  (X-He,  or  0,N-He, 
usually)  below  approximately  190  feet, 
and  is  dependent  upon  special  equipment 
(the  compressor  and  gas  cylinders,  hel¬ 
met  or  mask,  and  hose)  to  bring  the 
breathing  mixture  to  him,  poses  certain 
physical  risks  for  him.  The  diver’s  life  is 
directly  dependent  upon  the  quantity  and 
quality  of  his  breathing  mixtures.  Any 
deviation  from  prescribed  procedures  can 
result  in  a  number  of  serious  respiratory 
problems.  In  very  deep  diving,  the  mar¬ 
gin  of  error  is  very  narrow.  When  one  is 
dealing  with  a  special  mix,  a  change  of 
a  quarter  of  one  percent  of  oxygen  in  the 
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mix  may  be  the  difference  between  death 
by  asphyxiation  or  survival.  Because  of 
the  particular  nature  of  the  underwater 
environment,  any  problem  with  the 
breathing  mixture  is  potentially  very 
grave  (Tr.  38-39,  46;  Ex.  6-8-5) . 

While  underwater,  a  diver  must 
breathe  air  or  other  gases  at  the  pressure 
of  the  water  surrounding  him.  Oxygen 
must  be  in  all  breathing  mixtures,  but  it 
becomes  toxic  when  the  partial  pressure 
in  the  mixture  exceeds  certain  limits  and 
must  therefore  be  diluted  with  an  inert 
gas.  Nitrogen  is  an  appropriate  diluent 
for  shallow  dives,  and  helium  has  proved 
adequate  for  deeper  dives.  However,  al¬ 
ternatives  do  exist.  Neon  and  hydrogen 
are  the  most  likely  alternatives  to  helium 
and  nitrogen.  Several  factors  influence 
their  respective  usages  including  cost, 
availability,  storage,  efficiency  and  physi¬ 
ological  side  effects.  Nitrogen  could  be 
used  safely  at  depths  in  the  range  of  less 
than  150-200  FSW.  At  150  FSW  most 
divers  experience  the  beginnings  of  ni¬ 
trogen  narcosis,  which  can  cause  enough 
deterioration  in  memory  and  mental  ca¬ 
pacity  to  be  an  operational  problem,  and 
impair  judgment  enough  to  be  a  serious 
safety  factor.  In  addition,  nitrogen  is 
highly  soluble  in  body  fluids,  making  it 
difficult  to  remove  safely  during  decom¬ 
pression.  Furthermore,  its  density  makes 
it  difficult  to  breathe  at  increased  pres¬ 
sures.  Helium  on  the  other  hand  is  light, 
easy  to  breathe,  has  a  low  solubility  and 
is  not  narcotic.  However,  it  does  have 
three  drawbacks  especially  as  depths  ap¬ 
proach  those  of  the  outer  continental 
shelf :  distortion  of  voice  communication 
(at  400-600  FSW) ;  considerable  heat 
loss  as  a  result  of  its  high  thermal  con¬ 
ductivity:  and  a  tendency  to  produce  hy¬ 
perexcitability  of  the  nervous  system  in 
conjunction  with  rapid  decorrmression 
(HPNS) .  Safe  alternative  practices  are 
available  such  as  nitrogen  saturation,  ex¬ 
cursion  diving  from  shallow  habitats, 
helium  adjustment,  employing  speech 
unscramblers,  adding  a  heat  capability 
to  equipment,  slowing  the  rate  of  com¬ 
pression,  or  using  trimex  (helium,  oxy¬ 
gen  and  nitrogen) .  Neon  has  successfully 
been  substituted  for  helium  under  con¬ 
trolled  conditions  for  dives  as  deep  as 
640  FSW;  and  hydrogen  may  be  used  af¬ 
ter  taking  proper  precautions  with  re¬ 
spect  to  flammability  and  explosive  haz¬ 
ards.  Another  practice  involves  multi¬ 
gas  mixtures  and  gas  sequencing.  Several 
benefits  accrue  from  this  practice:  re¬ 
duced  costs,  improved  decompression,  re¬ 
duced  chilling,  improved  voice  communi¬ 
cation,  and  lessening  of  the  effects  of 
HPNS.  However,  the  practice  is  also  sus¬ 
pected  under  certain  conditions  of  pro¬ 
ducing  vestibular  decompression,  skin 
lesions  and  itching  (NT OSH  I,  8-1  et 
seq.). 

Hie  characteristic  dangers  of  breath¬ 
ing  under  water  are:  oxygen  deficiency, 
oxygen  poisoning,  nitrogen  narcosis,  and 
chemical  irritants.  The  following  dis¬ 
orders  all  result  in  a  shortage  of  oxygen 
reaching  the  cells  for  normal  metabo¬ 
lism. 

(1)  Hypoxia,  which  is  any  situation  in 
which  the  tissue  cells  fail  to  receive  or 


utilize  enough  oxygen  due  to  a  loss  or 
inadequacy  of  the  air  supply.  It  can  be 
caused  by  a  number  of  factors,  including 
lack  of  adequate  oxygen  in  the  breath¬ 
ing  mixture.  Depending  on  the  severity 
of  the  condition,  symptoms  include 
drowsiness,  inability  to  think  clearly, 
lack  of  flne-muscle  control,  discomfort, 
rapid  breathing,  and  unconsciousness 
(Ex.  6,  3-14,  8-6  >. 

(2)  Carbon  dioxide  poisoning  (.hyper¬ 
capnia),  which  is  a  build-up  of  carbon 
dioxide  in  the  breathing  supply  or  in  the 
body  as  a  result  of  inadequate  ventila¬ 
tion;  failure  of  carbon  dioxide  removal 
equipment  (as  in  a  closed  or  semiclosed 
SCUBA ) ;  increased  carbon  dioxide  pro¬ 
duction  during  work  or  ’  while  under 
stress;  controlled  or  “skip”  breathing; 
excessive  dead  space  in  the  equipment;  or 
contamination  of  the  breathing  mixture 
with  carbon  monoxide.  The  most  com¬ 
mon  source  of  hypercapnia  is  the  diver’s 
own  metabolic  processes,  and  the  most 
common  cause  is  the  failure  to  properly 
ventilate  the  breathing  apparatus.  The 
symptoms  include  confusion,  inability  to 
think  clearly,  unconsciousness  and  con¬ 
vulsions.  Breathing  an  excess  of  carbon 
dioxide  may  increase  the  possibility  of 
decompression  sickness,  and  will  speed 
the  onset  of  oxygen  poisoning  (Ex.  6,  3- 
15;  NIOSH  1,9-3). 

(3)  Asphyxia,  which  is  simultaneous 
hypoxia  and  hypercapnia.  Hypoxia  and 
hypercapnia  do  not  always  occur  to¬ 
gether;  however,  when  hypoxia  becomes 
severe  enough  to  halt  breathing,  carbon 
dioxide  rapidly  builds  up  in  the  body 
resulting  in  asphyxia  (Ex.  6,  3-15). 

(4 )  Carbon  monoxide  poisoning,  which 
is  caused  by  induction  of  exhaust  fumes 
into  the  air  supply  compressor.  Carbon 
monoxide  is  highly  toxic  because  it  com¬ 
bines  with  hemoglobin  200  times  more 
readily  than  does  oxygen,  displacing 
large  quantities  of  oxygen  and  rapidly 
bringing  about  hypoxia.  The  symptoms 
are  almost  identical  with  those  of  hy¬ 
poxia  (Ex.  6,  3-16;  NIOSH,  9-10>.  - 

An  excess  of  oxygen  can  be  a  problem 
as  well  as  the  lack  thereof.  Partial  pres¬ 
sures  of  oxygen  in  excess  of  that  en¬ 
countered  at  normal  atmospheric  condi¬ 
tions  may  be  toxic  to  the  body,  depend¬ 
ing  on  both  the  partial  pressure  and  the 
exposure  time.  From  approximately  0.6 
to  1.6  atm  0>,  with  exposure  times  vary¬ 
ing  from  days  to  hours,  lung  toxicity  may 
occur  which  is  first  manifested  as  lung 
irritation  and  ean  lead  to  lung  tissue 
damage  if  the  exposure  is  continued. 
Above  partial  pressures  of  1.6  atm  O,, 
central  nervous  system  oxygen  toxicity 
occurs.  Established  depth  and  bottom 
time  limits  normally  preclude  the  pos¬ 
sibility  of  the  development  of  inwater 
oxygen  toxicity  in  air  diving.  It  may  be 
encountered  while  administering  100% 
oxygen  during  surface  decompression 
procedures  or  recompression  treatment 
if  the  diver  is  not  constantly  monitored 
inside  the  chamber  for  the  related  symp¬ 
toms  of  oxygen  toxicity.  It  is  also  a  poten¬ 
tial  problem  for  divers  breathing  mixed 
gas  below  approximately  190  feet.  The 
symptoms  most  often  encountered,  in 
the  approximate  order  of  their  likelihood 


of  appearance,  are  muscular  twitching, 
nausea,  dizziness,  tunnel  vision,  abnor¬ 
mal  hearing,  breathing  difficulty,  anxiety 
and  confusion,  unusual  fatigue,  incoordi¬ 
nation,  and  convulsions  (Ex.  6,  3-20,  8-6; 
NIOSH  I,  9-2;  10-3-5;  NIOSH  II,  E-7-9) . 

Similarly,  an  excess  of  nitrogen  can 
produce  toxic  effects.  High  partial  pres¬ 
sures  of  nitrogen  in  the  breathing  mix¬ 
ture  produce  nitrogen  narcosis.  There  is 
a  wide  variance  in  susceptibility  to  it 
among  individuals,  but  its  symptoms  can 
begin  to  be  experienced  below  100  feet 
and  are  particularly  prevalent  below  150 
feet  in  air  diving.  The  narcosis  is  char¬ 
acterized  by  a  slowing  of  mental  activity, 
fixation  of  ideas,  slowing  of  reaction  time 
and  a  general  euphoria.  The  greatest 
hazard  of  nitrogen  narcosis  is  that  it 
may  cause  the  diver  to  disregard  the  job 
or  particularly  his  personal  safety  (Ex. 
6,  3-20,  8-6;  NIOSH  I  8-7,  9-8,  9). 

The  presence  of  irritating  chemicals 
contaminating  the  breathing  mixture 
can  result  in  pulmonary  edema.  For  in¬ 
stance,  oxides  of  nitrogen  from  diesel 
engine  exhaust  can  cause  serious  lung 
damage;  likewise,  oil  from  a  compressor 
can  cause  a  serious  problem  if  it  gets  into 
the  breathing  mixture  (Tr.  47,  596-600; 
Ex.  48;  Ex.  6,  8-6;  NIOSH  I,  9-10-13) . 

Finally,  there  are  hazards  associated 
with  the  water  itself  as  a  work  environ¬ 
ment.  Drowning  Is  a  risk  faced  by  any¬ 
one  who  goes  into  the  water.  A  diver,  like 
a  swimmer,  can  fall  victim  to  overexer¬ 
tion,  panic,  inability  to  cope  with  rough 
water,  or  the  effects  of  cold  water  or  heat 
loss.  Divers  wearing  lightweight  or 
SCUBA  gear  can  drown  if  they  lose  or 
ditch  their  mask  or  mouthpiece.  This 
could  be  the  direct  result  of  failure  of 
the  air  supply,  or  of  panic  in  a  hazardous 
situation.  Drowning  with  deep-sea  gear 
is  rare.  It  can  happen,  however,  if  the 
helmet  is  not  properly  secured  and  comes 
off,  or  If  the  diver  is  trapped  In  a  head- 
down  position  with  the  spit  cock  open,  his 
chin  pressing  on  the  chin  button,  or  his 
suit  torn.  According  to  the  U.S.  Navy 
Diving  Manual,  the  prevention  of  drown¬ 
ing  is  best  achieved  by  the  establishment 
of  safe  diving  practices  and  the  careful 
selection  of  diving  personnel  (Ex.  6, 
8—7) . 

A  diver  is  often  called  upon  to  perform 
difficult  work  tasks  under  extreme  cir¬ 
cumstances.  Much  of  the  work  involves 
heavy  construction  in  deep  water,  work 
which  often  involves  the  manipulation 
of  large  and  heavy  objects  at  depths  and 
in  diving  conditions  which  are  bordering 
on  the  limits  of  technology.  The  normal 
hazards  of  such  work  are  compounded 
by  the  fact  that  the  diver  is  working  on 
a  vessel  or  in  the  sea,  dressed  in  cum¬ 
bersome  gear,  limited  in  his  mobility 
and  visibility,  and  sometimes  restricted 
to  a  confined  space.  The  risk  of  serious 
trauma  is  therefore  always  present,  and 
injuires,  such  as  severe  crushing,  ampu¬ 
tation,  head  injuries,  compound  fractures 
and  bums  must  be  anticipated  and  pro¬ 
tected  against. 

Chronic  fatigue  and  deterioration  has 
also  been  identified  as  a  particular  prob¬ 
lem  for  divers  working  under  stress  in 
the  saturation  mode,  where  they  may 
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be  under  pressure  for  twenty  or  more 
days  (Tr.  36). 

Additionally,  any  medical  emergency, 
such  as  appendicitis  or  heart  attack,  be¬ 
comes  most  serious  when  It  occurs  to  a 
diver  when  in  the  water  under  pressure, 
particularly  to  those  In  a  saturation  mode 
where  the  decompression  from  the  pres¬ 
sures  experienced  at  saturation  may  take 
as  long  as  a  week.  There  Is  accordingly 
a  need  for  careful  planning  concerning 
how  to  respond  to  such  emergencies. 

Summary  and  Explanation  of 
the  Standard 

The  standard  Is  divided  into  five  sub¬ 
stantive  portions:  General;  Personnel 
Requirements;  Operational  Procedures; 
Diving  Equipment  and  Systems;  and 
Recordkeeping  Requirements.  Thus,  to  a 
considerable  extent,  it  follows  the  format 
established  by  the  ANSI  Z-135  draft  and 
the  ADC  Manual. 

A.  General 

The  standard  applies  to  diving  and  re¬ 
lated  operations  and  activities  asso¬ 
ciated  with  all  employments  covered  by 
the  Act  Including  general  Industry,  con¬ 
struction,  maritime,  shipbuilding,  ship¬ 
breaking,  ship  repairing,  and  longshor- 
ing.  Included  in  this  coverage  is  diving 
engaged  in  for  educational,  scientific 
and  research  purposes,  as  well  as  diving 
engaged  in  by  underwater  instructors. 
Of  course,  diving  by  persons  engaged  in 
recreational  or  sport  diving  or  other  div¬ 
ing  not  in  an  employment  context  are 
beyond  the  jurisdiction  of  the  Act.  In  ad¬ 
dition,  agencies  of  the  United  States, 
individual  states  and  their  political  sub¬ 
divisions,  including  state  educational  in¬ 
stitutions,  are  not  included  in  the  defi¬ 
nition  of  ‘‘employer’’  under  section  3(5) 
of  the  Act  and  therefore  are  not  sub¬ 
ject  to  OSHA  jurisdiction. 

The  standard  does  not  apply  insofar 
as  another  Federal  agency  exercises 
statutory  authority  to  prescribe  or  en¬ 
force  regulations  affecting  occupational 
safety  and  health. 

Accordingly,  the  standard  applies  to 
every  place  of  employment  within  OSHA 
territorial  jurisdiction  where  diving 
operations  are  carried  out.  That  is,  it 
applies  to  all  work  operations  carried 
out  for  an  employer  in  which  a  type  of 
diving  such  as  SCUBA,  surface-supplied, 
mixed  gas.  bell  or  saturation  diving  is 
performed. 

While  an  issue  was  raised  at  the  hear¬ 
ing  as  to  the  appropriateness  of  includ¬ 
ing  scientific  and  educational  divers  and 
underwater  instructors  in  such  a  stand¬ 
ard,  the  Assistant  Secretary  concluded 
that,  despite  certain  differences  in  op¬ 
erational  techniques  and  modes  among 
the  various  classes  of  divers,  the  com¬ 
monality  of  the  underwater  environment 
and  attendant  similarity  of  work-related 
hazards  called  for  uniform  treatment 
and  inclusion  for  purposes  of  the  ETS. 
For  example,  requirements  for  medical 
examinations,  training,  and  emergency 
procedures  are  deemed  essential  to  safe 
work  practices  regardless  of  the  nature 
of  the  employer’s  operations. 


Although  the  scope  of  this  standard 
is  broad,  covering  every  diving  operation, 
the  specific  provisions  of  the  proposed 
standard  that  will  apply  to  any  par¬ 
ticular  employer  depend  in  certain  re¬ 
spects  upon  the  nature  of  the  diving  op¬ 
eration  that  is  planned.  Thus,  for  in¬ 
stance,  certain  requirements  are  limited 
to  stage  decompression  diving  only. 
Others  apply  only  to  SCUBA  diving,  and 
so  on.  In  that  way,  the  standard  avoids 
placing  unnecessary  requirements  on 
employer^  where  they  are  inappropri¬ 
ate  in  view  of  the  nature  of  their  opera¬ 
tions. 

Pursuant  to  the  statutory  framework, 
the  responsibility  for  compliance  with 
the  requirements  of  the  ETS  is  placed 
upon  the  affected  employers.  In  gen¬ 
eral,  employers  engaged  in  diving  opera¬ 
tions  are  required  to  do  the  following : 

(a)  Employ  competent  employees; 

<b)  Have  and  maintain  a  safe  prac¬ 
tices  manual; 

(c)  Follow  safe  and  healthful  work 
procedures; 

(d)  Use  appropriate  tools,  equipment, 
and  systems;  and 

(e)  Record  and  report  job-related 
fatalities  and  serious  illnesses,  injuries, 
and  accidents. 

Each  of  these  general  responsibilities  is 
elaborated  upon  in  the  substantive  sec¬ 
tions  of  the  standard. 

B.  PERSONNEL  REQUIREMENTS 

OSHA  believes  that  the  safety  and 
health  of  divers  depend  in  large  part 
upon  their  own  competence  and  physical 
fitness.  The  standard  place  the  respon¬ 
sibility  on  the  employer  to  assure  that 
his  divers  and  surface  support  person¬ 
nel  are  both  competent  and  physically 
fit  to  perform  their  assigned  tasks  in  a 
safe  and  healthful  maimer. 

The  concept  of  competence  within  the 
meaning  of  the  standard  Includes  pro¬ 
ficiency  with  every  at*  of  a  task  to 
which  a  diver  is  assigned,  to  be  acquired 
through  appropriate  training  or  equiv¬ 
alent  experience,  so  that  it  may  be  per¬ 
formed  safely.  Where  an  employee  lacks 
such  competence  in  any  necessary  area, 
the  employer  must  require  the  employee 
to  take  appropriate  training,  or  he  must 
assign  another  employee  who  possesses 
the  necessary  competence. 

An  essential  element  of  employee  com¬ 
petence  for  a  diver  is  the  diver’s  ability 
to  meet  the  required  physical  qualifica¬ 
tions  of  the  standard.  These  basic  physi¬ 
cal  qualifications  must  be  determined  on 
the  basis  of  a  physical  examination  (with 
a  re-examination  required  after  certain 
prescribed  Injuries  or  illnesses) .  To  that 
end,  the  standard  requires  every  em¬ 
ployer  to  make  available  at  his  cost  the 
services  of  a  licensed  physician  to  per¬ 
form  medical  examinations  designed  to 
ascertain  the  employee’s  fitness  to  per¬ 
form  his  assigned  tasks. 

The  standard  provides  a  table  of  tests 
to  be  administered  by  the  examining 
physician  at  the  initial  examination 
(Table  I) ,  dependent  in  part  on  the  na¬ 
ture  of  the  diving  engaged  in.  At  the  same 
time,  there  is  a  provision  whereby  a 


physician  can  utilize  alternative  medi¬ 
cal  tests  or  procedures  if  he  can  demon¬ 
strate  that  they  are  at  least  equally 
effective  in  establishing  the  diver’s  medi¬ 
cal  qualifications.  Morever,  certain  physi¬ 
cal  conditions  which  are  deemed  totally 
inconsistent  with  safe  and  healthful  div¬ 
ing  are  designated  as  disqualifying  con¬ 
ditions. 

While  the  responsibility  necessarily 
lies  with  the  employer  to  determine 
whether  an  employee  is  likely  materially 
to  impair  his  health  by  continued  diving 
and  therefore  should  be  withdrawn  or 
appropriately  limited  in  his  diving  activi¬ 
ties,  he  must  make  this  determination  on 
the  basis  of  the  examining  physician’s 
written  report  to  him.  The  standard  pre¬ 
scribes  that  the  examining  physician’s 
written  report  indicate  the  results  of  the 
tests  given  in  the  medical  examination 
as  well  as  offer  an  opinion  as  to  the 
effects  of  diving  on  various  of  the  diver’s 
vital  systems,  i.e.,  pulmonary,  muscular, 
cardiac,  skeletal,  and  nervous  systems; 
on  the  ability  of  his  gas-containing  or¬ 
gans  for  effective  external  communica¬ 
tions;  and  on  the  likelihood  of  aggravat¬ 
ing  existing  evidence  of  bone  necrosis. 
The  physician  must  also  offer  an  opinion 
as  to  the  existence  of  any  of  the  enumer¬ 
ated  disqualifying  conditions  and  recom¬ 
mend  any  limitations  upon  the  em¬ 
ployee's  activities  as  a  diver. 

This  physician’s  report,  which  must 
not  include  information  extraneous  to 
the  employee’s  physical  qualifications  as 
a  diver,  must  be  given  to  the  employer 
with  a  copy  provided  to  the  employee. 
The  employee  also  has  the  right  to 
examine  any  other  materials  in  hfe  medi¬ 
cal  record  and  may  request  the  transfer 
of  his  record  or  a  copy  thereof  to  an¬ 
other  physician  or  employer. 

,  The  employer  is  required  to  keep  the 
physician’s  written  reports  and  a  copy 
of  the  Information  he  provided  the  physi¬ 
cian  as  the  medical  record  of  each 
affected  employee  for  at  least  five  years. 

C.  OPERATIONS  PROCEDURES 

The  operations  procedures  sections  of 
the  standard  establish  basic  procedures 
which  must  be  followed  when  engaging 
in  diving  operations.  A  large  portion  of 
the  emphasis  within  the  applicable  sec¬ 
tions  is  placed  upon  proper  planning  and 
effective  communication  between  the 
employer  and  his  employees  of  the  pro¬ 
cedures  to  be  followed  in  carrying  out  a 
particular  diving  operation.  They  also 
set  forth  certain  requirements  which 
must  be  included  within  a  planned  diving 
operation  depending  on  the  type  of  diving 
operation  that  is  being  carried  out.  These 
are  intended  to  be  minimum  require¬ 
ments  of  general  applicability  and  no  in¬ 
ference  should  be  drawn  that  items 
omitted  from  this  standard,  which  in 
particular  situations  are  necessary  for 
safe  and  healthful  diving  operations, 
need  not  be  followed.  As  elsewhere,  the 
responsibility  for  assuring  that  these  op¬ 
erational  requirements  are  met  is  placed 
upon  the  employer. 

The  first  requirement  which  an  em¬ 
ployer  must  meet  is  to  develop,  maintain, 
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and  comply  with  a  safe  practices  manual. 
It  is  expected  that  this  manual,  which  is 
to  be  made  available  to  each  employee, 
will  comprehensively  present  the  safety 
and  health  practices  required  in  the 
areas  of  work  assignments,  operations  to 
be  followed,  and  equipment  to  be  used, 
for  each  type  of  diving  operation  that  an 
employer  engages  in.  It  must  also  include 
a  description  of  the  procedures  to  be  fol¬ 
lowed  in  the  case  of  certain  specified 
emergencies. 

This  manual  must  include  at  a  mini¬ 
mum  the  requirements  of  this  standard, 
and,  in  addition,  must  indicate  whatever 
other  safe  practices  the  employer  re¬ 
quires  in  the  carrying  out  of  particular 
diving  operations.  These  too  should  be 
equally  directed,  as  the  requirements  of 
this  standard,  towards  ensuring  the 
safety  and  health  of  the  employees. 
Existing  manuals  may  be  used  to  meet 
this  requirement  of  maintaining  a  safe 
practices  manual  to  the  extent  that  they 
meet  the  specific  provisions  of  the 
standard  and  to  the  extent  that  they 
are  actually  followed  in  the  carrying  out 
of  an  employer’s  diving  operations. 

The  standard  anticipates  that  the  safe 
practices  manual  will  not  be  sufficient 
for  all  occasions.  It  therefore  provides 
that,  prior  to  commencing  a  diving  op¬ 
eration,  the  employees  must  be  in¬ 
structed  in  the  details  of  the  dive  to  be 
performed.  For  situations  not  included 
in  the  manual,  instructions  must  be 
given  to  the  affected  employees  in  how 
to  conduct  the  operation  safely.  Al¬ 
though  circumstances  may  not  always 
make  it  feasible  to  provide  these  instruc¬ 
tions  in  writing,  this  must  be  done  when¬ 
ever  there  is  sufficient  time  to  do  so. 

Employees  should  be  familiar  with  the 
requirements  of  both  the  manual  and 
any  operational  diving  plan  which  affects 
them.  Immediately  before  any  operation, 
the  employer  must  ensure  that  the  diver 
inspects  his  personal  equipment  and 
tools.  Similarly,  the  employer  and  af¬ 
fected  employees  must  consult  together 
whenever  there  are  hazardous  activities 
or  conditions  in  the  vicinity  which  would 
threaten  the  safety  of  the  operation  or 
the  health  of  the  employees  so  that  the 
employer  may  decide  whether  to  suspend 
the  operation  temporarily.  In  any  event, 
the  employer  must  not  require  a  diver 
to  dive  against  his  will. 

Prior  to  the  commencement  of  any 
diving  operations,  several  requirements 
must  be  met.  A  list  of  available  sources 
of  emergency  aid,  equipment  and  profes¬ 
sional  assistance,  and  instructions  for 
establishing  contact  with  them  in  case  of 
emergency,  must  be  available  at  the 
worksite  as  well  as  at  any  field  opera¬ 
tions  office  or  principal  place  of  business. 
Two-way  communications  necessary  to 
the  requisition  of  such  emergency  aid 
must  be  available  or  accessible  to  the 
worksite. 

There  must  also  be  first-aid  supplies 
at  the  worksite,  and  at  least  one  em¬ 
ployee  on  site  must  be  trained  in  first- 
aid. 

Two  of  the  most  important  general 
operational  requirements  involve  the  use 


of  decompression  chambers  and  decom¬ 
pression  protocols.  The  standard  requires 
that  a  decompression  chamber  be  pres¬ 
ent  at  the  worksite  for  all  dives  requiring 
stage  decompression  in  excess  of  30  min¬ 
utes.  One  of  the  most  difficult,  and  hence 
hazardous,  periods  for  a  diver  is  the  re¬ 
quired  time  spent  for  physiological  ad¬ 
justment  as  a  result  of  exposure  to  water 
pressures.  During  this  decompression  or 
recompression  period  the  diver’s  body  is 
subjected  to  extremely  stressful  condi¬ 
tions  which  are  capable  of  producing  a 
variety  of  diseases  or  illnesses.  Several 
factors  increase  the  risk  of  danger:  the 
deeper  the  dive  (l.e.,  the  greater  the  water 
pressure) ,  the  more  exotic  the  breathing 
mixture;  the  longer  the  bottom  time 
(duration  of  the  dive),  the  more  severe 
the  exposure;  and  the  increased  frequen¬ 
cy  (repeated  number)  of  dives  over  a 
short  period,  the  lessening  of  the  diver’s 
ability  to  tolerate  pressure  exposure.  All 
of  these  components  prolong  the  period 
needed  for  decompression,  and  the  long¬ 
er  the  decompression  period  the  greater 
the  likelihood  of  a  hazard-inducing  oc¬ 
currence. 

When  the  decompression  period  takes 
placed  in  the  water  (at  staged  depth  in¬ 
tervals)  the  serious  risks  attendant  to  de¬ 
compression,  per  se,  are  heightened  be¬ 
cause  of  the  potential  trauma  and  uncer¬ 
tainty  associated  with  prolonged  under¬ 
water  exposure.  Isolation  and  inability 
to  render  immediate  medical  treatment 
aggravates  the  diver’s  already  high,  risk 
situation.  To  lessen  these  risks,  the 
standard  requires  the  presence  of  a  de¬ 
compression  chamber  for  dives  in  which 
stage  decompression  in  excess  of  30  min¬ 
utes  is  involved.  These  chambers  provide 
a  controlled  environment  for  physiologi¬ 
cal  adjustments  to  the  decompression 
process.  They  remove  the  diver  from 
underwater  exposure  hazards,  and  allow 
immediate  accessibility  in  the  event  of 
medical  or  other  exigency.  They  can  be 
used  in  an  emergency  as  a  hyperbaric 
treatment  facility,  including  for  the  re- 
compression  of  divers  who  exhibit  symp¬ 
toms  of  decompression  sickness. 

Although  the  presence  of  an  onsite  de¬ 
compression  chamber  is  optimally  desira¬ 
ble  whenever  stage  decompression  is  re¬ 
quired,  the  evidence  suggests  that  the 
highest  risk  of  decompression-related 
hazards  occurs  when  prolonged  periods 
of  decompression  are  anticipated.  These 
usually  occur  at  the  deeper  depths  where 
the  likelihood  of  remoteness  and  isola¬ 
tion  are  great. 

Most  shallow  water  diving  occurs  in 
inland  waters  and  harbor  areas.  Inas¬ 
much  as  the  transportation  and  medical 
facilities  are  often  in  proximity  of  shal¬ 
low  diving  operation  sites,  the  standard 
allows  dives  with  decompression  times 
of  less  than  30  minutes  to  be  performed 
without  the  presence  of  an  onsite  decom¬ 
pression  chamber.  This  would  permit 
dives  of  relatively  long  duration  at  shal¬ 
low  depths,  and  some  deeper  dives  with 
short  bottom  times  using  only  in-water 
decompression  procedures. 

Of  course,  any  employer  who  plans 
6tage  decompression  dives,  whether  or 
not  in  excess  of  30  minutes  decompres¬ 


sion  time,  must  include  the  location  of  a 
decompression  chamber  and  medical  fa¬ 
cilities  In  the  list  of  emergency  aid  to 
be  available  at  the  dive  site.  In  the  event 
of  a  medical  or  other  emergency  a  diver 
could  thus  be  transported  and  treated 
promptly  at  a  nearby  medical  facility. 

With  respect  to  decompression  proto¬ 
cols,  Including  tables,  the  standard  re¬ 
quires  that  appropriate  tables  devised 
in  accordance  with  tested  physiological 
criteria  be  available  at  the  dive  site  and 
adhered  to.  In  so  requiring  that  decom¬ 
pression  tables  and  schedules  be  devised 
in  accordance  with  tested  physiological 
criteria,  the  standard  embodies,  in  gen¬ 
eral  terms,  the  current  state  of  the  art 
(See,  generally.  NIOSH  I,  2T-1  et  seq.) . 
Adherence  to  tables  devised  in  accord¬ 
ance  with  sound  physiological  principles 
is  likely  to  produce  a  minimum  of  ad¬ 
verse  symptoms  while  undergoing  the 
necessary  decompression  or  recompres¬ 
sion  so  essential  to  the  well-being  of  the 
diver. 

Because  of  the  many  variables  involved 
and  the  extensive  theoretical  and  ex¬ 
perimental  research  that  is  still  needed, 
adoption  of  a  single  set  of  tables  (e.g., 
those  of  the  U.S.  Navy)  was  deemed  in¬ 
appropriate  for  inclusion  within  an 
OSHA  standard  at  this  time.  Further¬ 
more,  evidence  in  the  record  suggested 
the  inherent  inapplicability  of  military 
diving  tables  for  commercial  purposes 
(e.g.,  Tr.,  163-70,  467) .  As  more  informa¬ 
tion  and  research  data  on  diving  tables 
becomes  available,  OSHA  anticipates 
that  a  more  sophisticated  and  detailed 
protocol  will  be  developed  for  incorpora¬ 
tion  into  a  subsequent  diving  standard. 

Other  general  operational  require¬ 
ments  Include  the  following: 

(1)  Inspection  of  tools,  equipment, 
and  systems  to  ensure  that  they  are  in 
proper  working  condition  prior  to  and 
throughout  an  operation; 

(2)  A  safe  means  of  entering  and  leav¬ 
ing  the  water; 

(3)  Special  precautions  for  adverse 
thermal  exposures; 

(4)  A  standby  diver  ready  to  reach 
a  diver  within  five  (5)  minutes  for  all 
dives  below  100  FSW,  or  which  are  un¬ 
usually  hazardous;  and  at  the  point 
of  entry  of  any  restricted  area  in  which 
a  diver  is  working; 

(6)  Special  precautions  when  diving 
near  underwater  suction  hazards ; 

(6)  The  use  of  specified  warning  sig¬ 
nals; 

(7)  A  reserve  breathing  gas  supply 
sufficient  for  life  support  until  the  diver 
can  safely  be  returned  to  a  refuge  or 
the  surface  whenever  a  dive  involves 
stage  decompression; 

(8)  An  operable,  two-way  audio  com¬ 
munication  system  between  the  diver  and 
the  surface  (tender) ;  and 

(9)  A  sharp  knife  to  be  carried  on 
every  dive. 

Each  of  these  general  operational  re¬ 
quirements  is  necessary  to  protect  em¬ 
ployees  engaged  in  diving  from  the  grave 
danger  to  which  they  are  exposed. 

There  is  one  other  requirement  relat¬ 
ing  to  general  operations  procedures. 
The  employer  is  obligated  to  record  cer- 


FEDERAL  REGISTER,  VOL.  41,  NO.  116— TUESDAY,  JUNE  15,  1976 


RULES  AND  REGULATIONS 


24283 


tain  information  pertaining  to  each  div¬ 
ing  exposure  to  which  a  diver  is  sub¬ 
jected.  This  record  includes  such  vital 
information  as  depth,  bottom  time,  and 
decompression  schedule  used.  This  rec¬ 
ord  is  considered  essential  to  the  safety 
of  diving  operations  in  that  it  acts  as  a 
check  upon  departures  from  the  dive 
plan  and  provides  a  body  of  data  which 
allows  for  the  pinpointing  of  problems 
which  may  have  arisen  in  the  course  of 
the  operation  and  on  the  basis  of  which 
improvements  can  be  made  in  future 
operations.  A  separate  record  must  be 
made  for  each  diver  with  a  unique  ex¬ 
posure.  Such  records  must  be  kept  for 
five  (5)  years. 

In  addition  to  the  general  operations 
procedures,  the  standard  requires  cer¬ 
tain  procedures  considered  necessary 
for  inclusion  in  an  ETS,  which  are  spe¬ 
cific  to  different  modes  and  types  of 
diving.  These  practices  concern  self- 
contained  diving,  surface-supplied  div¬ 
ing,  saturation  diving,  mixed-gas  diving, 
bell  diving,  and  live-boating  respectively. 

For  self-contained  diving  (SCUBA), 
the  standard  allows  for  the  use  of  a 
buddy  diver  or  a  safety  line  operated 
with  pull  signals  in  lieu  of  the  general 
two-way  audio  communications  require¬ 
ment  between  the  diver  and  the  surface. 
It  requires  that  the  planned  time,  includ¬ 
ing  decompression  time,  of  a  SCUBA  dive 
not  exceed  the  air  supply  duration  of  the 
cylinders  (disregarding  the  emergency 
supply).  Moreover,  it  requires  that  the 
cylinder  pressure  be  determined  imme¬ 
diately  before  each  dive. 

For  surface-supplied  diving,  the  stand¬ 
ard  requires  the  employer  to  assign  a 
sufficient  number  of  employees  to  en¬ 
sure  the  diver’s  safety  and  health  and  to 
make  possible  effective  response  in  case 
of  emergency.  Also,  it  establishes  that 
the  depth  of  each  dive  be  determined 
prior  to  its  commencement. 

For  saturation  diving,  the  basic  spe¬ 
cific  requirement  is  that  the  employer 
develop  and  include  in  the  side  practices 
manual  an  evacuation  plan  to  be  put 
into  effect  in  case  it  should  become  nec¬ 
essary  to  rescue  or  retrieve  a  manned 
HOPV  in  an  emergency. 

In  regard  to  mixed-gas  diving,  the 
standard  sets  the  basic  requirement  that 
the  breathing  mixture  be  composed  of  a 
physiologically  appropriate  mixture  of 
gases,  taking  into  account  the  depth  and 
duration  of  the  dive.  Specifically,  it  sets 
a  limit  of  220  FSW  as  the  depth  below 
which  air  shall  not  be  used  as  the  breath¬ 
ing  mixture,  and  it  provides  that  the 
use  of  air  between  190  FSW  and  220 
FSW  be  limited  to  dives  not  exceeding 
10  minutes  in  bottom  time.  This  is  in 
recognition  of  the  fact  that  air  dives 
have  been  conducted  safely  in  such  op¬ 
erations  as  pipeline  laying  down  to  220 
FSW  under  that  time  limitation,  not¬ 
withstanding  the  fact  that  190  FSW  has 
long  been  recognized  in  the  U.S.  Navy 
Air  Tables  and  elsewhere  as  the  outer 
safety  limit  for  longer  duration  air 
diving. 

For  bell  diving,  a  minimum  of  two 
divers  must  be  used  for  all  dives  involv¬ 
ing  a  closed  bell.  The  standard  requires 


that  either  a  closed  or  open  bell  must 
be  used  whenever  a  dive  exceeds  220 
FSW  or  120  minutes  decompression 
time.  Below  300  FSW,  only  a  closed  bell 
must  be  used.  These  limits  were  chosen 
because  of  evidence  in  the  record  that 
bells  are  advisable  when  there  is  mixed 
gas  diving  and  that  the  absence  of  bells 
in  circumstances  where  this  standard 
would  require  their  use  have  unneces¬ 
sarily  placed  divers  in  peril  with  some¬ 
times  tragic  results  (Tr.  316,  544,  546, 
550-53,  591-92,  595-96;  617;  Exh.  47). 
Compliance  with  the  bell  requirements 
are  deemed  essential  to  diver  safety. 

The  purpose  of  this  requirement  is  to 
provide  a  place  of  refuge  for  a  diver 
whose  work  takes  him  to  severe  depths 
or  requires  a  lengthy  decompression  and 
to  allow  for  the  raising  of  a  diver  in 
trouble  to  the  surface  under  pressure. 
A  wide  range  of  bells,  from  relatively 
simple  underwater  shelters  to  highly 
sophisticated  habitat-type  systems,  ex¬ 
ist  which  satisfy  this  requirement. 

The  standard  also  concerns  itself  with 
potential  bell  diving  emergencies  by  re¬ 
quiring  the  availability  of  adequate 
means  of  rescuing  a  bell  in  distress.  A 
standby  diver  must  be  on  site  to  attend 
a  distressed  bell  at  the  surface. 

Finally,  for  liveboating,  there  Is  a 
requirement  that  a  protective  device  be 
installed  around  the  propeller  while  the 
boat  is  underway;  that  divers  engaged 
in  live-boating  operations  carry  a  re¬ 
serve  breathing  gas  supply  (bailout  bot¬ 
tles)  with  them;  and  that  a  standby 
diver  be  available  for  all  such 
operations. 

Diving  Equipment  and  Systems 

In  the  sections  concerning  diving 
equipment  and  systems,  the  standard 
establishes  certain  basic  hardware  re¬ 
quirements  which  are  deemed  essential 
to  diver  safety  and  health.  It  also  pro¬ 
vides  for  the  periodic  testing  of  cer¬ 
tain  equipment,  and  the  recording  of  the 
results  of  such  testing,  to  ensure  that 
the  equipment  remains  in  proper  work¬ 
ing  order  throughout  the  diving  opera¬ 
tions.  As  elsewhere,  the  employer  is 
responsible  for  ensuring  that  the  require¬ 
ments  of  these  sections  are  met. 

Specifically,  the  equipment  and  sys¬ 
tems  covered  are; 

1.  Helmets  and  masks; 

2.  Dry  suits; 

3.  Gas  supply  hoses; 

4.  Air  compressors  and  systems  for  res¬ 
pirable  air; 

5.  Human  occupancy  pressure  ves¬ 
sels  (HOPV’s) ; 

6.  Depth  gauges ;  and 

7.  Compressed  gas  equipment. 

Helmets  and  masks  (other  than  oral- 

nasal)  must  be  capable  of  ventilating 
at  least  4.5  cubic  feet  per  minute  (cfm) 
when  supplied  at  the  manufacturer’s 
recommended  pressure.  They  must  be 
equipped  with  a  two-way  audio-com¬ 
munication  system  (unless  used  for 
SCUBA).  Surface-supplied  masks  and 
helmets  must  have  non-return  valves. 
When  appropriate,  the  material  they  are 
made  out  of  must  be  resistant  to  salt¬ 
water  corrosion. 


Dry  suits  (or  similar  buoyancy  chang¬ 
ing  equipment)  must  be  equipped  with 
exhaust  valves  to  minimize  the  possi¬ 
bility  of  blowup. 

Gas  supply  hoses  must  be  rated  for  a 
bursting  pressure  at  least  4  times  greater 
than  maximum  working  pressure,  and  a 
working  pressure  no  less  than  the  maxi¬ 
mum  pressure  exposure  plus  100  pounds 
per  square  inch  (psi).  They  must  be 
marked  at  prescribed  intervals,  kink 
resistant,  and  capable  of  the  required 
flow  rates  for  the  system  used.  They  must 
be  tested  at  least  annually  to  twice  the 
maximum  working  pressure.  Hose  fit¬ 
tings  must  be  salt-water  resistant,  where 
appropriate,  and  of  a  kind  that  cannot 
be  accidently  disengaged.  When  not  in 
use,  the  hoses  must  be  protected  from 
the  possibility  of  foreign  matter  enter¬ 
ing  into  them.  When  necessary,  they 
should  also  be  cleaned  so  as  to  remove 
contaminants  which  could  otherwise  re¬ 
act  with  oxygen  under  pressure.  The 
hoses  and  fittings  used  in  oxygen  serv¬ 
ice  must  be  tagged  or  otherwise  marked 
for  identification. 

Volume  tanks  used  in  compressed  air 
systems  must  comply  with  the  American 
Society  of  Mechanical  Engineers  ( ASME) 
Code  for  Boiler  and  Pressure  Vessels, 
Section  Vm,  Unfired  Pressure  Vessels, 
and,  where  applicable,  must  be  approved 
by  the  Coast  Guard.  In  addition,  they 
must  be  equipped  with  a  check  valve  on 
their  inlet  side,  a  pressure  gauge,  and  a 
relief  valve  so  as  to  prevent  excessive 
pressure  buildup.  All  air  compressor  in¬ 
takes  must  be  located  in  an  area  free  of 
contamination  or  piped  externally  to  a 
contamination-free  area.  The  standard 
also  establshes  certain  air  purity  require¬ 
ments  for  respirable  air  to  the  diver. 

Similarly,  all  HOPV’s  must  conform  to 
the  requirements  of  the  same  ASME 
Code,  and,  where  applicable,  satisfy  Coast 
Guard  approval  procedures.  Hard  piping 
systems,  fittings  and  tubings  carrying 
pure,  high  pressure  oxygen  must  be  of 
corrosion  resistant  metals.  HOPV  inter¬ 
nal  oxygen  outlets  must  have  nonreturn 
or  shut-off  valves.  Shut-off  valves  used 
in  oxygen  systems  above  125  psi  must  be 
slow-opening.  A  means  must  be  provided 
to  prevent  the  oxygen  concentration 
from  rising  above  25  percent  of  the  at¬ 
mospheric  content,  and  the  possibility  of 
continuous  monitoring  of  the  oxygen 
concentrations  while  the  HOPV  is  in  use 
must  be  established.  Combustibles  must 
be  eliminated  to  the  extent  feasible 
through  proper  design  and  outfitting. 
There  must  be  the  possibility  of  main¬ 
taining  continuous  visual  observation  of 
persons  in  the  HOPV  from  the  exterior. 
An  anti-suction  device  must  be  Installed 
inside  the  HOPV  on  the  exhaust  outlet. 
There  must  also  be  two-way  audio-com¬ 
munication  while  the  HOPV  is  in  use. 

Depth  gauges  must  be  deadweight 
tested  or  calibrated  against  a  master- 
reference  at  least  every  six  months;  and 
cards  or  labels  to  that  affect  must  be  at¬ 
tached  to  the  gauges.  The  depth  gauges 
must  be  Installed  so  as  to  allow  a  system 
check  of  their  accuracy. 

Compressed  gas  equipment,  such  as 
cylinders,  must  be  stored  in  a  well  ven- 
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tilated  area  and  protected  from  heat  or 
falling.  They  must  have  protection  caps 
over  the  necks  and  valves  when  not  In 
use.  Oxygen  systems  must  employ  oxygen 
compatible  pressure  regulators  to  control 
flow. 

To  keep  track  of  his  equipment  and  its 
testing,  the  employer  is  required  to 
maintain  an  equipment  log.  The  log  must 
contain  Information  concerning  the  test¬ 
ing  of  gas  supply  hoses  and  fittings,  the 
procedures  followed  in  the  oxygen  clean¬ 
ing  of  hoses,  the  maintenance  and  re¬ 
pairs  to  the  air  compressor  and  air  sys¬ 
tem,  and  the  testing  and  calibration  of 
gauges.  Entries  into  the  log  must  Identify 
the  equipment  or  part,  the  nature  of  the 
work,  the  date  of  the  work,  and  the  per¬ 
son  performing  the  work.  This  log  must 
be  kept  at  least  five  (5)  years. 

Recordkeeping  Requirements 

Employers  engaged  In  diving,  like  all 
employers,  must  comply  with  the  basic 
OSHA  requirements  for  the  recording 
and  reporting  of  occupational  Injuries 
and  Illnesses  which  are  contained  in  29 
CFR  Part  1904.  In  addition  to  the  report¬ 
ing  of  all  occupationally  related  fatalities 
and  of  hospitalizations  of  five  or  more 
employees,  which  is  required  by  that  reg¬ 
ulation,  the  diving  standard  requires  em¬ 
ployers  to  report  to  OSHA  all  occurrences 
necessitating  a  medical  reexamination 
under  the  standard,  i.e.,  all  decompres¬ 
sion  sicknesses  with  vestibular  or  cen¬ 
tral  nervous  system  dysfunction,  and  all 
illnesses  or  injuries  requiring  hospitali¬ 
zation  of  72  hours  or  more,  or  requiring 
medical  treatment  by  an  attending  phy¬ 
sician  for  five  or  more  days. 

Finally,  any  manual,  written  instruc¬ 
tion,  record,  or  log  required  to  be  kept  by 
the  standard  must  be  made  available  for 
Inspection  and  copying  to  an  authorized 
representative  of  OSHA  upon  request. 

Inflation  and  Environmental  Impact 

Pursuant  to  section  5(b)  (8)  of  Secre¬ 
tary’s  Order  15-75  (40  PR  227,  November 
24,  1975),  which  pertains  to  standards 
Issued  under  section  6(c)  of  the  Act,  no¬ 
tice  is  hereby  given  that  an  Inflation  im¬ 
pact  analysis  will  be  prepared  and  made 
available  prior  to  the  promulgation  of 
any  permanent  standard  resulting  from 
this  Emergency  Temporary  Standard. 

The  National  Environmental  Policy 
Act  of  1969  (42  U.S.C.  4321  et  seq.)  and 
regulations  issued  thereunder  (29  CFR 
Part  1999)  require  that  Federal  agencies 
assess  their  proposed  major  actions  to 
determine  whether  a  significant  impact 
on  the  quality  of  the  human  environ¬ 
ment  may  result,  and  if  necessary  to  pre¬ 
pare  an  environmental  impact  state¬ 
ment.  It  has  been  determined  that,  at 
this  point,  the  issuance  of  this  occupa¬ 
tional  safety  and  health  standard  is  not 
a  major  Federal  action  significantly  af¬ 
fecting  the  quality  of  human  environ¬ 
ment,  and  that  an  environmental  impact 
statement  is  therefore  not  necessary. 

Public  Participation 

This  emergency  temporary  standard 
shall  serve  as  a  proposed  rule  in  the  rule¬ 
making  proceeding  being  commenced  un¬ 


der  section  6(b)  of  the  Act.  Additional 
proposals  concerning  this  matter  will 
soon  be  published.  At  the  time  of  such 
publication,  all  Interested  persons  will  be 
invited  to  submit  written  data,  views  and 
arguments  concerning  this  standard  and 
the  additional  proposals,  including  com¬ 
ments  on  inflationary  and  environmen¬ 
tal  impacts.  Interested  persons  will  also 
be  invited  to  file  objections  and  to  re¬ 
quest  a  hearing  on  the  proposals. 

Anyone  wishing  to  comment  at  this 
time  may  do  so  by  submitting  such  com¬ 
ments  in  quadruplicate  to  the  Docket 
Officer,  Docket  No.  H-103,  Occupational 
Safety  and  Health  Administration,  U.S. 
Department  of  Labor,  Room  N-3620,  3rd 
and  Constitution  Avenue,  NW.,  Wash¬ 
ington,  D.C.  20210  (telephone:  202/523- 
8076) .  All  comments  will  be  available  for 
public  inspection  and  copying  at  the 
above  address,  will  be  part  of  the  record 
of  this  proceeding,  and  will  not  have  to 
be  resubmitted  at  a  later  date. 
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Handbook  of  the  Scripps  Institute  of 
Oceanography. 
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PHC  19.  Letter  from  C.  F.  Logan,  Presi¬ 
dent,  Logan  Diving  &  Salvag5~Co.  dated  De¬ 
cember  6,  1975  attaching  portions  of  a  NOAA 
Report  dated  March  15,  1975. 

PHC  20.  Letter  from  John  P.  Ripp,  V.P.- 
Treas.  Rlpp-Tide  to  John  Dunlop,  Secretary 
of  Labor,  dated  December  2,  1976. 

PHC  21.  Letter  from  Barry  Sullivan,  Wash¬ 
ington  Representative  The  National  Associ¬ 
ation  of  Dredging  Contractors,  to  John  Dun¬ 
lop,  Secretary  of  Labor,  dated  December  5, 
1975.  - 

PHC  22.  Letter  from  Rex  Caffall  II,  of 
Trans  Divers  to  Logan  Diving  Inc.,  dated  De¬ 
cember  3,  1975. 

PHC  23.  Letter  from  Joseph  G.  Elkins, 
Divers  Inc.  to  OSHA  December  6,  1975. 

PHC  24.  Letter  from  Larry  B.  Kennedy, 
Director,  Administrative  Services,  Hydro  Tech 
Inernational,  Inc.  to  Mr.  J.  J.  LoRocca,  OSHA 
dated  December  4,  1975. 

PHC  25.  Letter  from  Bill  Boudreaux,  Aqua 
Sports  Inc.  to  John  Dunlop,  Secretary  of 
Labor  dated  December  6, 1975. 

PHC  26.  Letter  from  Jack  S.  Mixer,  V.  P. 
Logan  Diving  Inc.  Vo  Mr.  Joseph  J.  LaRocca, 
OSHA,  dated  December  1,  1975. 

PHC  27.  Letter  from  Central  Pacific  Divers 
to  OSHA  dated  December  2, 1975. 

PHC  28.  Memo  from  Logan  Diving  Inc.  to 
all  Divers  and  Diving  Companies  dated  No¬ 
vember  26,  1975. 

PHC  29.  Letter  from  Ed  Fite,  Aqua-Ven¬ 
ture  dated  December  1, 1975. 

PHC  30.  Letter  from  Habert  C.  Faitel, 
Dearborn,  Chairman,  "NIX  ON  OSHA”  com¬ 
mittee  dated  December  1975  attaching  a 
pamphlet  by  Alan  Stang  entitled  OSHAcrats. 

PHC  31.  Letter  from  J.  E.  Logan,  Presi¬ 
dent,  Underwater  Survey  Inc.*  to  Mr.  J.  J. 
LaRocca,  OSHA,  dated  December  3,  1975. 

PHC  32.  Copy  of  Letter  from  Phillip  Bur¬ 
ton,  member  of  Congress  to  A.  L.  Podesta, 
manager,  Podesta  Divers,  dated  December  8, 
1975. 

PHC  33.  Letter  from  Jon  Hardy,  General 
Manager,  National  Association  of  Under¬ 
water  Instructors  to  OSHA  dated  December 
9,  1975  with  attachments. 

PHC  34  Letter  from  C.  F.  Logan,  Logan 
Diving  &  Salvage  Co.  to  Joseph  J.  LaRocca, 
OSHA  dated  December  4,  1975,  attaching 
portions  of  a  NOAA  report  of  March,  1975 
and  comments  and  suggestions  applying  to 
the  ADC  manual. 

D.  List  of  hearing  exhibits. 

E.  Certification  of  hearing  record  with  list 
of  post  hearing  comments. 

F.  Letters  from  Congressmen  and  mem¬ 
bers  of  the  public  received  after  the  certifica¬ 
tion  of  the  hearing  record  (unnumbered). 

G.  National  Institute  fpr  Occupational 
Safety  and  Health  et.  al.,  National  Plan  for 
the  Safety  and  Health  of  Divers  In  their  Quest 
for  Subsea  Energy  (19  reports)  (NIOSH  I). 

H.  National  Institute  of  Occupational 
Safety  and  Health,  NIOSH-Terrytown  Labs- 
Undersea  Medical  Society  Diving  Standards 
Project  Technical  Narrative  (preliminary  re¬ 
port  pursuant  to  “Safe  Work  Practices  and 
Medical  Procedures”  contract  on  diving 
(NIOSH  II). 

I.  "Dysbaric  Osteonecrosis”,  in  Davidson, 

J.  K.,  ed.  Aseptic  Necrosis  of  Bone  (New  York, 
1975)  includes  British  Medical  Research 
Council  Decompression  Registry  techniques 
for  skeletal  radiological  investigation  of 
divers. 


J.  Directory  of  world-wide,  shore-based 
hyperbaric  chambers,  Vol.  I  U.S.  and  Canada, 
NAVSHIPS  0994-010-4011  (1974). 

K.  U.S.  Navy  Diving  Operations  Handbooks, 
NAVSHIPS  0994-009-6010  (1974). 

L.  Underwater  Zero-Gravity  Simulation 
Trainer,  NASA  Marshall  Space  Flight  Center, 
Huntsville,  Alabama. 

M.  U.S.  Coast  Guard — Diving  Fatality  Re¬ 
ports. 

N.  "Medical  Implications  of  Oil  Related  In¬ 
dustry”,  British  Medical  Association — Scot¬ 
tish  Council. 

O.  Foreign  diving  standards — United  King¬ 
dom,  France,  Canada,  Australia. 

P.  Report  on  the  International  Diving 
Symposium  (Belle  Chasse,  La.) — 1/75. 

Q.  Report  on  the  International  Diving 
Symposium  (New  Orleans,  La.) — 1/76. 

R.  Marine  Technical  Society  Journal  (Vol. 
6— No.  1)— 1/7/72. 

S.  Miscellaneous  technical  papers  related 
to  diving. 

T.  Miscellaneous  newspaper  and  magazine 
clippings  related  to  diving. 

Accordingly,  pursuant  to  sections  6(c) 
and  8(c)  of  the  Occupational  Safety  and 
Health  Act  of  1970  (84  Stat.  1596,  1599, 
29  U.S.C.  655,  657) ,  Secretary  of  Labor’s 
Order  No.  8-76,  and  29  CFR  Part  1911, 
Part  1910  of  Title  29  of  the  Code  of  Fed¬ 
eral  Regulations  is  hereby  amended  by 
adding  a  new  Subpart  T  as  set  forth 
below. 

Subpart  T  shall  become  effective  on 
July  15,  1976. 

1.  Part  1910  is  amended  by  adding  the 
following  Subpart  to  the  table  of  con¬ 
tents. 

Subpart  T — Diving  Operations 

General 

Sec. 

1910.401  Scope  and  application. 

1910.402  Definitions. 

1910.403  Effective  date. 

Personnel  Requirements 

1910.410  Personnel  qualifications. 

1910.411  Medical  requirements. 

Operations  Procedures 

1910.420  Safe  practices  manual. 

1910.421  General  operations  procedures. 

1910.422  Specific  operations  procedures. 

Diving  Equipment  and  Systems 

1910.430  General. 

1910.431  Helmets  and  masks. 

1910.432  Dry  suits  (variable  volume). 

1910.433  Gas  supply  hoses. 

1910.434  Air  compressors  and  systems  for 

respirable  air. 

1910.435  Human  occupancy  pressure  vessels 

(HOPV ) . 

1910.436  Depth  gauges. 

1910.437  Compressed  gas  equipment  (except 

SCUBA  cylinders). 

1910.438  Equipment  log. 

Recordkeeping  Requirements 

1910.440  Recording  and  reporting.  ^ 

1910.441  Availability  of  records. 

2.  Subpart  T  is  added  as  follows : 

Subpart  T — Diving  Operations 

General 

§  1910.401  Scope  and  application. 

(a)  This  subpart  applies  to  every  place 
of  employment  within  the  inland  and 
territorial  waters  of  the  United  States, 
or  within  any  State,  the  District  of  Co¬ 
lumbia,  the  Commonwealth  of  Puerto 
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Rico,  the  Virgin  Islands,  American  Sa¬ 
moa,  Guam,  The  Trust  Territory  of  the 
Pacific  Islands,  Wake  Island,  Johnston 
Island,  the  Canal  Zone,  or  within  the 
Outer  Continental  Shelf  lands  as  defined 
in  the  Outer  Continental  Shelf  Lands 
Act  (67  Stat.  462,  43  UJ3.C.  1331),  where 
diving  and  related  operations  are  carried 
out,  except  that  this  subpart  will  not  ap¬ 
ply  to  working  conditions  with  respect 
to  which  other  Federal  agencies  exer¬ 
cise  statutory  authority  to  prescribe  or 
enforce  standards  or  regulations  affect¬ 
ing  occupational  safety  and  health. 

(b)  This  subpart  applies  to  diving  and 
related  operations  conducted  in  connec¬ 
tion  with  all  types  of  work  and  all  em¬ 
ployments,  including  general  industry, 
construction,  ship  repairing,  shipbuild¬ 
ing,  shipbreaking  and  longshoring. 

(c)  Ihis  subpart  requires  employers 
engaged  in  diving  operations  to  be  re¬ 
sponsible  for: 

(1)  Ensuring  that  all  employees  en¬ 
gaged  In  diving  operations  are  compe¬ 
tent  to  perform  their  work  assignments 
in  a  safe  and  healthful  manner,  as  pro¬ 
vided  in  SI  1910.410  and  1910.411; 

(2)  Developing,  maintaining  and 
complying  with  a  safe  practices  manual, 
as  provided  in  §  1910.420; 

(3)  Following  safe  and  healthful  op¬ 
erations  procedures,  as  provided  in 
§§  1910.421  and  1910.422; 

(4)  Ensuring  the  use  of  appropriate 
tools,  equipment  and  systems  as  provided 
in  IS  1910.430-1910.438;  and 

(5)  Recording  and  reporting  job- 
related  fatalities  and  serious  illnesses,  in¬ 
juries  and  accidents,  and  making  all 
required  records  available  to  the  As¬ 
sistant  Secretary  for  Occupational 
Safety  and  Health,  in  accordance  with 
§§  1910.440  and  1910.441. 

§  1910.402  Definitions. 

As  used  in  this  subpart,  the  listed 
terms  are  defined  as  follows : 

“Anti-suction  devise’’:  a  device  to 
prevent  suction  injury,  which  is  used  on 
the  internal  exhaust  outlet  of  a  human 
occupancy  pressure  vessel  (HOPV) ;  ex¬ 
amples  are  a  pipe  nipple  In  which  holes 
have  been  drilled  or  a  wire  cage. 

“Bell  diving”:  a  mode  of  diving  using 
a  diving  bell. 

“Blowout”:  Uncontrolled  loss  of  gas  or 
liquid  from  a  wellhead. 

“Bottom  time”:  the  period  of  time  be¬ 
tween  the  beginning  of  descent  to  the 
bottom  (working  level)  and  the  begin¬ 
ning  of  ascent  from  the  bottom  (work¬ 
ing  level) . 

“Breathing  mixture”:  a  mixture  of 
gases  and/or  air  breathed  by  a  diver, 
containing  an  appropriate  proportion  of 
oxygen. 

“Bursting  pressure”:  the  pressure  ex¬ 
erted  by  a  medium  such  as  a  breathing 
mixture  at  which  the  containment  ves¬ 
sel  theoretically  fails  structurally. 

“Decompression”:  the  controlled  con¬ 
tinuous  reduction  of  environmental  pres¬ 
sure  to  any  Intermediate  depth  level  or 
to  atmospheric  pressure. 

“Decompression  chamber" :  a  HOPV 
used  to  decompress  divers  by  reducing 
pressure  under  safe  and  controlled  con¬ 


ditions;  it  may  also  be  used  in  the  treat¬ 
ment  of  decompression  sickness  by 
recompression. 

“Decompression  table  (protocol)  **:  a 
time  profile  of  pressure  and  breathing 
gas  which  reduces  the  pressure  on  the 
diver  in  a  manner  intended  to  prevent 
decompression  sickness. 

“Diver”:  an  employee  who  uses  equip¬ 
ment  underwater  which  supplies  com¬ 
pressed  breathing  gas  from  a  self-con¬ 
tained  source  or  remote  source,  enabling 
him  to  breathe  under  water  at  ambient 
pressure. 

“Diving  bell":  a  device  which  allows 
the  diver  to  be  transported  to  and  from 
the  underwater  work  site  in  an  enclosed, 
dry  compartment.  The  bell  may  have  an 
open  bottom,  or  it  may  be  sealed. 

“Dry  suit  (variable  volume)  ”:  a  diving 
suit  capable  of  being  Inflated  for  buoy¬ 
ancy  or  insulation,  which  keeps  the 
diver’s  body  essentially  dry.  A  “wet  suit”, 
in  contrast,  allows  water  to  contact  the 
diver’s  body. 

“Employer”:  a  person  engaged  in  a 
business  affecting  commerce  who  has  em¬ 
ployees,  but  not  Including  the  United 
States  or  any  State  or  political  subdivi¬ 
sion  of  a  State.  See  29  CFR  Part  1975. 

"Exhaust  valve”:  a  valve  controlling 
the  venting  of  gas  from  a  HOPV,  diver’s 
helmet,  or  suit. 

“FSW”:  a  foot  of  sea  water;  a  unit  of 
pressure  generally  defined  as  Mr  of  a 
standard  atmosphere,  which  represents 
the  pressure  exerted  by  a  foot  of  water 
having  a  specific  gravity  of  1.027. 

“Hard  piping”:  permanent  or  semi¬ 
permanent,  rigid  piping,  as  distinguished 
from  temporary,  flexible  hoses. 

“Helmet  (open-circuit  and/or  surface- 
supplied)”:  breathing  and  protective 
equipment  which  covers  the  diver’s  head. 

“HOPV”:  Human  Occupancy  Pressure 
Vessel.  A  pressure  vessel  which,  in  nor¬ 
mal  operation,  is  intended  to  contain  a 
human  being. 

“Life-support  equipment”:  equipment 
designed  to  provide  an  appropriate  respi¬ 
rable  atmosphere  and  other  protection, 
e.g.,  thermal,  as  required. 

“Live-boating”:  the  practice  of  sup¬ 
porting  a  diver  from  a  vessel  which  is 
underway. 

“Mask  (open  circuit  and/or  surface- 
supplied)”:  breathing  and  protective 
equipment  which  covers  a  diver’s  face. 

“Mixed-gas  diving”:  a  diving  mode  in 
which  the  diver  is  supplied  with  a  gas 
mixture  other  than  air. 

“No-decompression  diving”:  diving 
which  involves  depths  and  times  shallow 
and  short  enough  so  that  controlled  as¬ 
cent  can  be  made  without  stops  or  stages. 

“Non-return  valve”:  a  one-way  check 
valve  installed  at  the  point  where  the 
hose  attaches  to  the  diver’s  helmet,  de¬ 
signed  to  prevent  the  loss  of  helmet 
breathing  mixture  or  to  prevent-a  suction 
should  the  hose  be  cut  or  the  gas  supply 
fail. 

“Oxygen  cleaning”:  special  cleaning 
precautions  that  must  be  taken  to  ensure 
that  oxygen  under  pressure  does  not  ig¬ 
nite  flammables  on  contact. 


“Oxygen  compatibility”:  the  ability  to 
come  into  contact  with  high  pressure 
oxygen  without  oxidation  occurring. 

“Pneumofathometer”:  a  device  for 
measuring  depth  by  slowly  forcing  air  or 
gas  through  a  tube  from  the  surface  to 
the  site  to  be  measured.  The  pressure  re¬ 
quired  to  force  gas  to  the  end  of  the  tube 
is  the  pressure  exerted  on  the  outlet  of 
the  tube. 

“Receiver”:  a  pressure  vessel  for  the 
storage  of  gases  (except  SCUBA  cylin¬ 
ders). 

“Repetitive  dive”:  a  dive  where  the  de¬ 
compression  requirement  is  increased  by 
a  preceding  dive  or  dives. 

“Saturation  diving”:  a  mode  of  diving 
in  which  the  diver’s  body  is  essentially 
saturated  with  inert  gas;  additional  time 
spent  at  pressure  does  not  therefore  re¬ 
sult  in  additional  uptake  of  gas  nor  re¬ 
quire  an  increase  in  decompression  time. 

“SCUBA”:  self-contained  underwater 
breathing  apparatus.  See  self-contained 
diving. 

“Self-contained  diving”:  a  diving 
mode  which  allows  the  diver  to  carry  his 
own  breathing  gas  supply  and  be  inde¬ 
pendent  of  the  surface  with  regard  to 
breathing  gas. 

“Stage  decompression”:  the  controlled 
reduction  of  environmental  pressure 
with  programmed  stops  at  various 
depths. 

“Standby  diver”:  a  diver  suited  and 
ready  to  go  to  the  aid  of  another  diver. 

“Surface-supplied  diving”:  a  mode  of 
diving  in  which  the  diver  receives  breath¬ 
ing  gas  by  hose  from  the  surface. 

“Working  pressure”:  the  normal  op¬ 
erating  pressure  exerted  by  a  medium 
such  as  a  breathing  mixture.  The  ratio 
of  the  bursting  pressure  to  the  working 
pressure  is  the  factor  of  safety. 

§  1910.403  Effective  date. 

This  subpart  is  effective  July  15.  1976. 

Personnel  Requirements 
§  1910.410  Personnel  qualifications. 

(a)  General.  Each  employer  engaged 
in  diving  operations  shall  ensure  that 
all  employees  engaged  as  divers  or  in 
surface  support  operations  are  compe¬ 
tent  to  perform  their  work  assignments 
in  a  safe  and  healthful  manner,  in  ac¬ 
cordance  with  the  provisions  of  this  sub¬ 
part. 

(b)  Employee  competence.  Employee 
competence,  which  must  be  ensured  by 
the  employer,  shall  include  at  least  the 
following: 

(1)  Knowledge  and  skills  in  diving 
gained  through  training  or  experience, 
including  among  other  things  knowl¬ 
edge  of : 

(1)  Diving  procedures  and  techniques, 

(ii)  Emergency  procedures, 

(iii)  Physiology  as  it  relates  to  diving, 

and  N 

(iv)  Diving  equipment: 

(2)  Familiarity  with  procedures  and 
proficiency  in  the  use  of  tools,  equipment 
and  devices  relevant  to  the  assigned 
tasks;  and 

(3)  For  employees  engaged  as  divers, 
physical  qualifications  for  such  activities, 
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as  determined  in  accordance  with  the 
requirements  of  §  1910.411. 

(c)  Competence  training.  Where  an 
employee  does  not  possess  competence 
in  the  safe  use  of  a  tool,  equipment,  or 
device,  or  knowledge  of  diving  procedures 
and  techniques  as  required  by  this  sec¬ 
tion,  the  employer  shall  require  the  em¬ 
ployee  to  undergo  appropriate  training  or 
shall  assign  another  employee  who  pos¬ 
sesses  necessary  competence. 

§1910.411  Medical  requirements. 

(a)  General  requirements.  Every  em¬ 
ployer  shall  provide  or  make  available  at 
no  cost  to  the  employee  the  services  of 
a  licensed  physician  to  perform  medical 
examinations,  as  required  by  this  sec¬ 
tion,  for  all  employees  engaged  as  divers, 
so  as  to  establish  the  employee’s  physical 
qualifications  to  perform  the  assigned 
tasks. 

(b)  Information  provided  to  the  ex¬ 
aminer  physician.  The  employer  shall 
provide  the  following  information  to  the 
examining  physician: 

(1)  A  copy  of  this  subpart. 

(2)  A  description  of  the  affected  em¬ 
ployee’s  duties  for  which  he  is  being 
examined,  and  of  the  physical  demands 
placed  upon  the  employee  by  said  duties. 

(3)  Upon  request  of  the  physician,  in¬ 
formation  from  previous  reports  of 
physicians  concerning  the  affected  em¬ 
ployee. 

(c)  Initial  examination.  ( 1)  Within  30 
days  after  the  effective  date  of  this  sub- 
part,  all  employees  engaged  as  divers 
shall  be  provided  an  initial  medical 
examination,  except  as  described  in 
paragraph  (c)  (2)  of  this  section,  which 
shall  include  the  following : 

( 1 )  A  complete  work  history ; 

(ii)  All  the  tests  listed  in  Table  I;  and 

(iii)  Any  additional  tests  deemed 
necessary  by  the  examining  physician  to 
prepare  the  written  report  required  by 
paragraph  (f )  of  this  section. 

(2)  If  an  employee  can  show,  to  the 
satisfaction  of  the  employer  after  con¬ 
sultation  with  the  examining  physician, 
that  within  one  year  prior  to  the  effec¬ 
tive  date  of  this  subpart,  he  has  had  a 
comprehensive  medical  examination 
comparable  to  the  examination  required 
by  this  section,  and  that  the  results  of 
this  examination  did  not  indicate  the 
presence  of  any  of  the  conditions  listed 
in  paragraphs  (f)(1)  (ii)  or  (h)  of  this 
section,  no  initial  examination  is  re¬ 
quired,  unless  there  is  reason  to  believe 
that  the  employee’s  medical  condition 
has  changed  in  the  interim.  In  any  event, 
at  the  termination  of  one  year  from  the 
date  of  his  comparable  medical  examina¬ 
tion,  such  employee  shall  be  given  an 
initial  medical  examination  as  required 
in  paragraph  (c)  (1)  of  this  section. 

(d)  Re-examination  after  injury  or  ill¬ 
ness.  Following  an  injury  or  illness  to  a 
diver  requiring  72  hours  or  more  hospi¬ 
talization,  or  requiring  treatment  by  an 
attending  physician  for  a  period  of  at 
least  5  days,  or  involving  decompression 
sickness  with  vestibular  or  central  nerv¬ 
ous  system  dysfunction,  the  employer 
shall  provide  or  make  available,  at  no 


cost  to  the  employee,  a  medical  examina¬ 
tion.  The  employee  shall  not  be  permit¬ 
ted  to  return  to  work  as  a  diver  until, 
based  on  the  physician’s  report,  he  is 


(e)  Alternative  medical  examinations. 
If  the  examining  physician  determines 
that  medical  examinations  and  tests 
other  than  those  specified  in  this  section 
and  Table  I  would  be  at  least  equally 
effective  in  determining  a  diver’s  physi¬ 
cal  qualifications,  the  employer  may  ac¬ 
cept  such  medical  examinations  and 
tests,  provided  that  the  employer  obtains 
a  statement  from  the  physician  setting 
forth  the  alternative  examination  and 
the  rationale  for  substitution  and  in¬ 
forms  each  affected  employee  of  the  fact 
that  such  alternative  examination  will 
be  made  available. 

(f)  Physician’s  written  report.  (1) 
With  respect  to  each  medical  examina¬ 
tion  required  by  this  section,  the  em¬ 
ployer  shall  obtain  a  written  report  from 
the  examining  physician,  containing  the 
following  information: 

(i)  A  statement  indicating  the  results 
of  the  medical  examinations  and  tests 
given  in  accordance  with  this  section: 

(ii)  An  opinion,  based  on  the  employ¬ 
ee’s  medical  history  and  the  results  of 
the  tests  required  in  Table  I,  as  to 
whether  exposure  to  the  physical  de¬ 
mands  placed  upon  the  employee  by  the 
duties  in  which  he  will  be  engaged  would 
result  in  any  of  the  following: 

(A)  Increased  risk  of  material  impair¬ 
ment  of  the  employee’s  health; 

(B)  Excessive  stress  to  the  pulmonary, 
muscular,  cardiac,  and  skeletal  systems: 

(C)  Interference  with  the  effective  ex¬ 
ternal  communication  of  the  gas-con¬ 
taining  organs  of  the  body: 

(D)  Excessive  burden  on  the  central 
and  peripheral  nervous  system;  or 

(E)  Aggravation  of  any  existing  radio¬ 
logical  evidence  of  aseptic  bone  necrosis: 

(iii)  An  opinion  as  to  whether  the  em¬ 
ployee,  on  the  basis  of  his  medical  his¬ 
tory  and  the  results  of  the  examination 


physically  fit  to  do  so.  The  examining 
physician  shall  determine  the  scope  of 
the  examination  in  light  of  the  nature 
of  the  injury  or  illness. 


and  required  tests,  has  any  of  the  condi¬ 
tions  listed  in  paragraph  (h)  of  this  sec¬ 
tion; 

(iv)  Any  recommended  limitations 
upon  the  employee’s  activities  as  a  diver; 
and 

(v)  A  statement  that  the  employee  has 
been  informed  by  the  examining  physi¬ 
cian  of  any  medical  conditions  which  re¬ 
quire  further  examination  or  treatment. 

(2)  The  written  report  shall  not  reveal 
specific  findings  or  diagnoses  unrelated 
to  occupational  exposure  to  the  under¬ 
water  environment. 

(3)  A  copy  of  the  physician’s  written 
report  shall  be  provided  to  the  employee. 
In  addition,  any  materials  in  the  em¬ 
ployee’s  medical  file  pertaining  to  the 
medical  examination  required  by  this 
section  shall  be  made  available  to  the 
employee  or  former  employee  examined, 
upon  written  request  by  the  employee  or 
his  representatives. 

(g)  Withdrawal  of  employee.  The  em¬ 
ployer  shall  determine,  on  the  basis  of 
the  physician’s  written  report  or  any 
opinions  by  a  consulting  physician, 
whether  an  employee’s  health  would  be 
materially  impaired,  in  any  manner  in¬ 
dicated-in  paragraph  (f)  (1)  of  this  sec¬ 
tion,  by  continued  diving,  or  whether 
there  are  necessary  limitations  on  the 
employee’s  activities  as  a  diver.  If  indi¬ 
cated  by  the  determination,  the  em¬ 
ployer  shall  withdraw  the  employee 
from  such  exposure  or  shall  appropri¬ 
ately  limit  the  employee’s  activity. 

(h)  Disqualifying  conditions.  If  .  an 
employee  has  any  of  the  following  con¬ 
ditions,  as  found  by  the  examining 
physician,  the  employer  shall  withdraw 
the  employee  from  diving: 

(1)  History  of  epileptiform  disease 
or  syncopal  attacks: 

(2)  Cystic  or  obstructive  disease  of 
lungs; 


Table  I — Medical  Tests  for  Diving 
Tests  Comments 

History  and  physical .  Include  predisposition  to  unconsciousness,  vomiting,  cardiac 

arrest.  Impairment  of  oxygen  transport,  serious  blood  loss, 
or  anything  which,  In  the  opinion  of  the  examining  phy¬ 
sician,  wlU  Interfere  with  effective  underwater  work. 

Chest  X-ray _  PA  (Projection:  14  by  17) . 

Bone  and  Joint  X-ray _  Required  only  for  divers  Involved  in  decompression  dives. 

British  Medloal  Research  Council  techniques  and  Interpre¬ 
tation  recommended.  (See  app.  B.) 

EKO:  STD  (12L.) .  Baseline. 

EKG:  Stress _ 

Pulmonary  function _  Required  only  If  medically  Indicated.  Proved  and  mechanical 

capacity  calculated  for:  FEV  (forced  expiratory  reserve 
volume);  FVC  (forced  vital  capacity);  and  MEPR  (maxi¬ 
mum  expiratory  flow  rate) . 

Audiogram  _ _  In  accordance  with  American  National  Standard  Specifica¬ 

tions  for  Audiometers,  ANSI  83.6-1969 (R1973). 

Dry  chamber _  Required  only  for  divers  Involved  in  decompression  dives,  If 

medically  Indicated.  The  test  Is  as  follows:  The  diver  Is 
taken  to  166  PSW  (6  ATA)  in  a  chamber  to  test  his  ability 
to  withstand  pressure  and  to  clear  his  ears. 

EEG  _  Required  only  If  medically  Indicated. 

Visual  acuity  and  color 
blindness. 

Complete  blood  count - 

Routine  urinalysis - 
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(3)  Chronic  inability  to  equalize  sinus 
and  middle  ear  pressure; 

(4)  Significant  central  nervous  sys¬ 
tem  disease; 

(5)  Significant  joint  disorders  of  the 
shoulder,  hip,  or  knee; 

(6)  Significant  cardiac  abnormali¬ 
ties;  e  g.,  pathological  heart  block,  val¬ 
vular  disease,  interventricular  septal  de¬ 
fects  etc. ;  and 

(7)  Chronic  alcoholism. 

(i)  Medical  recordkeeping.  The  em¬ 
ployer  shall  establish  and  maintain  an 
accurate  medical  record  for  each  em¬ 
ployee  subject  to  the  medical  require¬ 
ments  of  this  section. 

(1)  The  record  shall  include: 

(1)  Physician’s  written  reports;  and 

(ii)  A  copy  of  the  information  pro¬ 
vided  to  the  physician  as  required  by 
paragraph  (b)  of  this  section. 

(2)  This  record  shall  be  maintained 
by  the  employer  for  at  least  5  years  and 
shall  be  made  available  as  provided  in 
S  1910.441. 

(3)  Upon  request  by  the  employee  or 
former  employee,  the  employer  shall 
transfer  the  employee’s  medical  record 
or  a  copy  thereof  to  a  physician  desig¬ 
nated  by  the  employee  or  former  em¬ 
ployee  or  to  another  employer. 

Operations  Procedures 
§  1910.420  Safe  practices  manual. 

(a)  General.  (1)  Each  employer  en¬ 
gaged  in  diving  operations  shall  develop 
and  maintain  a  safe  practices  manual 
and  shall  follow  the  procedures  set  out 
in  such  manual  for  all  diving  operations. 

(2)  The  manual  shall  specifically  in¬ 
corporate  and  be  in  accordance  with  the 
requirements  of  this  subpart,  and  shall 
be  developed  so  as  to  provide  for  the 
safety  and  health  of  employees  involved 
in  diving  operations. 

(b)  Content.  (1)  Hie  manual  shall 
contain  comprehensive  safety  and  health 
requirements  for  each  type  of  diving  op¬ 
eration  engaged  in  by  the  employer. 

(2)  These  requirements  shall  include 
provisions  for: 

(i)  The  assignment  of  competent  em¬ 
ployees,  to  enable  the  operation  to  be 
performed  without  jeopardy  to  the  safe¬ 
ty  and  health  of  the  employees  involved ; 

(ii)  General  and  specific  operations 
procedures  which  shall  incorporate  and 
be  consistent  with  applicable  procedures 
contained  in  this  subpart; 

(iii)  The  use  of  appropriate  tools, 
equipment  and  systems,  which  shall  com¬ 
ply  with  the  requirements  of  §§  1910.430- 
1910.438; 

(iv)  Fire,  emergency  and  evacuation 
procedures  in  accordance  with  para¬ 
graph  (d)  of  §  1910.421,  and  for  the  res¬ 
cue  or  retrieval  of  manned  HOPVs  in 
accordance  with  paragraphs  (c)  and  (e) 
of  $  1910.422. 

(c)  Availability.  The  manual  shall  be 
readily  available  at  the  work  site,  shall 
be  provided  to  all  employees  involved  in 
diving  operations,  and  shall  be  made 
available,  upon  request,  to  the  Assistant 
Secretary  or  his  designee. 


§  1910.421  General  operations  proce¬ 
dure-. 

(a)  General.  All  diving  operations 
shall  comply  with  the  operations  proce¬ 
dures  contained  in  this  section.  These 
procedures  shall,  in  accordance  with 
§  1910.420,  be  included  in  the  safe  prac¬ 
tices  manual. 

(b)  Emergency  aid.  (1)  The  employer 
shall  develop  and  maintain  a  list  of  the 
available  sources  of  emergency  aid. 
equipment,  and  professional  assistance, 
with  their  call  or  phone  numbers,  and 
instructions  for  establishing  contact 
with  them.  The  list  shall  be  available 
at  the  work  site,  at  the  employer’s  prin¬ 
cipal  place  of  business  and  at  the  field 
operations  offices.  This  list  shall  include, 
at  least,  the  following  forms  of  emer¬ 
gency  aid  as  appropriate  for  the  type  of 
diving  operations  engaged  in: 

(i>  Decompression  chamber; 

(ii*  Hospital  or  medical  treatment  fa¬ 
cility; 

(iii*  Air  transportation; 

(iv)  Consulting  physician:  and 

(v)  U.S.  Coast  Guard  Search  and  Res¬ 
cue  Unit. 

(2*  Two-way  communications,  neces¬ 
sary  to  the  requisition  of  the  emergency 
aid,  equipment,  and  professional  assist¬ 
ance  listed  in  paragraph  (b)(1)  of  this 
section,  shall  be  available  or  accessible  to 
the  work  site. 

(c)  First-aid.  (1)  First-aid  supplies, 
approved  by  a  consulting  physician,  in¬ 
cluding  a  copy  of  the  American  Red 
Cross  Advance  First-Aid  Manual,  shall  be 
readily  available  at  the  work  site. 

(2)  A  mechanical  or  automatic  oxygen 
resuscitator,  with  sufficient  oxygen  sup¬ 
ply  and  in  proper  working  order,  shall  be 
ready  for  immediate  use  at  the  work  site. 

(3)  In  the  absence  of  a  physician  at  the 
work  site,  an  employee  who  has  a  valid 
certificate  in  first-aid  training  from  the 
American  Red  Cross,  or  equivalent  train¬ 
ing,  including  training  In  the  use  of  an 
oxygen  resuscitator,  shall  be  available  at 
the  work  site  to  render  first-aid. 

(d)  Fire  and  emergency  procedures — 
(1)  Fire  fighting  equipment.  Fire  fighting 
equipment  shall  be  available  and  ready 
for  use  at  the  work  site  whenever  sources 
of  ignition  and  flammable  or  combustible 
materials  are  present. 

(2)  Emergency  procedures  plan.  (1) 
The  employer  shall  establish  and  comply 
with  an  emergency  procedures  plan, 
which  shall  include  steps  to  be  taken  in 
case  any  of  the  following  emergencies  oc¬ 
cur  during  the  dive,  including  the  decom¬ 
pression  interval: 

(i)  Loss  of  voice  communications; 

(ii)  Interruption  of  the  surface  gas 
supply; 

(iii)  Parting  of  the  diver’s  life  support 
hose  bundle  (umbilical) ; 

(iv)  Diver  entanglement  or  entrap¬ 
ment; 

(v)  Oxygen  poisoning; 

(vi)  Decompression  sickness; 

(vii)  Unplanned  positive  buoyant  as¬ 
cent  (blowup) ; 

(viii)  Physical  injury;  or 

(ix)  Acute  illness. 


(3)  Fire  and  emergency  evacuations. 
The  employer  shall  ensure  that  prior  to 
commencing  diving  operations  at  the 
work  site,  all  members  of  the  diving  team 
are  familiar  with  the  emergency  pro¬ 
cedures  including  emergency  evacuation 
procedures,  the  fire  fighting  procedures, 
and  the  emergency  station  assignments. 

(4)  The  emergency  procedures  plan 
shall  be  included  in  the  safe  practices 
manual  required  by  §  1910.420. 

(e)  Hazards  to  diving  operations.  (1> 
The  employer  shall  notify  those  in  the 
vicinity  whose  activities  may  interfere 
with  or  pose  a  hazard  to  the  diving  op¬ 
erations,  such  as  underwater  blasting  or 
movement  of  surface  vessels,  of  the 
planned  diving  operation  and  daily  start 
and  finish  times. 

(2)  Whenever  hazardous  activities  in 
the  vicinity  of  the  diving  operations, 
or  whenever  conditions,  such  as  weather 
or  sea-state,  are  such  that  they  may  in¬ 
terfere  with  the  ability  of  an  employee 
to  perform  safely  underwater  or  impair 
his  health,  the  employer,  after  consulta¬ 
tion  with  the  affected  employee,  shall  not 
allow  such  employee  to  dive  for  the  dura¬ 
tion  of  such  hazardous  activity  or  ad¬ 
verse  condition. 

(f)  Temporary  impairments.  The  em¬ 
ployer  shall  ensure  that  no  employee  dive 
for  the  duration  of  a  temporary  physi¬ 
cal  impairment  such  as  a  cold,  alcoholic 
intoxication  or  its  after  effects,  influence 
of  drugs,  respiratory  or  middle  ear 
disease,  skin  or  external  ear  infection, 
excessive  fatigue  or  emotional  distress, 
even  if  not  an  injury  or  illness  described 
in  §  1910.412(d),  if  the  impairment  is 
likely  to  materially  interfere  with  the 
employee’s  ability  to  perform  safely  un¬ 
derwater,  or  impair  his  health.  The  em¬ 
ployer  shall  consult  with  the  affected  em¬ 
ployee  before  making  such  determination 
and  in  no  event  shall  require  an  employee 
to  dive  against  the  employee’s  will. 

(g)  Inspection  of  tools,  equipment  and 
operational  systems.  (1)  The  employer 
shall  ensure  that  all  tools,  equipment, 
and  operational  systems  used  in  diving 
operations  are  appropriate,  in  proper 
working  order,  and  in  compliance  with 
§§  1910.430-1910.438. 

(2)  Tools,  equipment,  and  operational 
systems  used  in  diving  operations  shall 
be  inspected  at  the  commencement  of 
each  day’s  diving  operations,  and  moni¬ 
tored  throughout  the  operations,  by  the 
person  immediately  in  charge  of  the  div¬ 
ing  operation  in  which  they  will  be  used. 

(3)  The  employer  shall  ensure  that 
each  employee  engaged  as  a  diver  in  the 
diving  operation  shall  inspect  the  equip¬ 
ment  and  tools  to  be  used  personally  by 
him. 

(h)  Pre-dive  instructions.  (1)  Prior  to 
commencing  and  engaging  in  each  diving 
operation,  the  employer  shall  instruct 
each  employee  involved  as  to  the  details 
of  the  procedures  to  be  followed  in  the 
operation,  and  as  to  appropriate  fire  and 
emergency  procedures. 

(2)  For  each  diving  operation  varying 
from  or  supplementing  the  personnel, 
procedures,  tools,  equipment  and  systems 
or  emergency  requirements  described  in 


FEDERAL  REGISTER,  VOL.  41,  NO.  116— TUESDAY,  JUNE  15,  1976 


RULES  AND' REGULATIONS 


24289 


the  safe  practices  manual,  the  employer 
shall  give  specific  instructions  covering 
the  additional  information  necessary  to 
ensure  safety  and  health.  Where  known 
to  the  employer  sufficiently  in  advance  of 
the  diving  operation,  the  essential  infor¬ 
mation  shall  be  reduced  to  writing  and  a 
copy  shall  be  given  to  affected  employees. 

(i)  Means  for  entering  and.  leaving  the 
water.  The  employer  shall  provide  safe 
means  for  entering  the  water  from  the 
diving  platform  and  for  leaving  the  water 
for  employees  engaged  as  divers  and  for 
the  rescue  of  the  surface  support  person¬ 
nel  in  the  event  they  fall  into  the  water. 

(j)  Human  occupancy  pressure  ves¬ 
sel  ( HOPV ) .  A  HOPV,  specifically  a  de¬ 
compression  chamber,  shall  be  available 
and  ready  for  use  at  the  work  site,  for 
any  dive  in  which  stage  decompression 
in  excess  of  30  minutes  is  involved. 

(k)  Thermal  exposure.  Special  pre¬ 
cautions  shall  be  taken  by  the  employer 
to  protect  any  employee  from  adverse 
thermal  exposure  while  engaged  in 
diving. 

(l)  Standby  diver.  A  qualified  stand¬ 
by  diver  shall  be  suited  and  ready  to 
reach  a  diver  in  the  water  within  5 
minutes,  whenever  dives  are  made  in  ex¬ 
cess  of  100  FSW  requiring  stage  decom¬ 
pression,  or  in  shallower  depths  when 
warranted  by  the  nature  of  the  work  or 
exposure.  Two  divers  in  the  water  work¬ 
ing  together  shall  be  considered  as  meet¬ 
ing  this  requirement. 

(m)  Underwater  hazardous  condi¬ 
tions.  (1)  Whenever  a  diver  enters  any 
structure,  tunnel,  wreck,  pipe,  or  other 
similarly  restricted  area  underwater,  a 
standby  diver  shall  be  available  at  the 
point  of  entry  to  tend  the  diver  who  is 
within  the  restricted  area. 

(2)  Special  precautions  shall  be 
taken  by  the  employer  to  protect  any 
employee  diving  in  the  vicinity  of 
underwater  suction  hazards,  such  as 
sluices,  major  inflow/outflow  pipes  and 
the  like. 

(n)  Warning  display.  In  addition  to 
any  other  warning  signals  used,  the  fol¬ 
lowing  warning  signals  shall  be  dis¬ 
played  at  the  diving  operation  site,  so 
as  to  be  visible  for  360  degrees  around 
the  horizon  during  daylight  operations: 

(1)  Where  diving  is  done  from  any  ves¬ 
sel  in  international  waters,  a  rigid  rep¬ 
lica  of  the  international  flag  “A”  (white 
and  blue  pennant),  not  less  than  one 
meter  in  height. 

(2)  Where  diving  is  done  from  any 
other  worksite,  the  American  dive  flag. 
This  flag  shall  be  square  and  have  a  red 
field  with  a  white  diagonal  stripe  from 
the  upper  hoist  to  the  lower  fly.  The 
width  of  the  diagonal  stripe  shall  be 
one-fourth  of  the  length  of  the  flag’s 
side.  Stiffening  shall  be  used  if  neces¬ 
sary  to  ensure  all  around  visibility. 
Where  diving  takes  place  from  vessels 
and  waterborne  platforms  less  than  65 
feet  in  length,  the  flag  shall  be  at  least 
0.6  meter  square.  Where  diving  takes 
place  from  other  platforms,  including 
fixed  structures  such  as  piers,  the  flag 
shall  be  one  meter  square. 

(o)  Reserve  breathing  gas  supply.  A 
reserve  breathing  gas  supply  shall  be 


provided  for  each  diver  engaged  in  a 
diving  operation  requiring  stage  decom¬ 
pression.  The  supply  shall  be  sufficient 
for  life  support  until  the  diver  can  be 
safely  returned  to  a  place  of  refuge  or 
to  the  surface. 

(p)  Decompression  protocols.  Ap¬ 
propriate  decompression  protocols,  in¬ 
cluding  decompression  schedules  or 
tables  which  are  devised  in  accordance 
with  tested  physiological  criteria,  shall  be 
adhered  to.  The  protocols  shall  be  used 
only  for  the  diving  operations  for  which 
they  were  designed.  These  decompres¬ 
sion  protocols  shall  be  included  in  the 
safe  practices  manual  and  available  at 
the  dive  site. 

(q)  Communications.  An  operating, 
2-way  audio  comunications  system  shall 
be  provided  for  communications  be¬ 
tween  the  diver  and  the  surface  ( ten¬ 
der  > ,  except  as  permitted  by  paragraph 

(a)(1)  of  §  1910.422. 

(r)  Diver’s  personal  equipment.  A 
sharp  knife  shall  be  carried  by  all  divers 
while  in  the  water. 

(s)  Employer’s  record  of  dives.  (1)  The 
employer  shall  make  and  maintain  a  rec¬ 
ord  of  information  concerning  each  div¬ 
ing  exposure  to  which  each  diver  is  sub¬ 
jected.  The  record  shall  contain  the  fol¬ 
lowing: 

(1)  Name  and  address  of  the  employer; 

(ii)  Location  and  date  of  diving  opera¬ 
tion; 

(iii)  Names  of  divers,  tenders,  and 
person  immediately  in  charge  of  the  div¬ 
ing  operation; 

(iv)  Depth  of  dive; 

(v)  Bottom  time; 

(vi)  Type  of  equipment  used; 

(vii)  Estimated  environmental  condi¬ 
tions  (sea  state,  underwater  visibility, 
water  temperature,  and  underwater  cur¬ 
rents)  ; 

(viii)  Decompression  schedule  used ; 

(ix)  Gas  used  and  composition; 

(x)  Type  of  work  performed; 

(xi)  Type  of  diving  equipment  worn; 

(xii)  Any  unusual  conditions  (other 
than  environmental) ;  and 

(xiii)  Repetitive  dive  designations,  or 
time  of  last  pressure  exposure. 

(2)  For  a  diving  operation  involving 
more  than  one  diver,  where  the  exposures 
are  uniform,  a  single  record  applicable  to 
all  divers  is  sufficient.  Where  the  ex¬ 
posure  of  any  diver  varies  in  any  respect, 
a  separate  'record  of  these  variations 
shall  be  kept. 

(3)  These  records  shall  be  maintained 
by  the  employer  for  at  least  5  years. 

§  1910.422  Specific  operations  proce¬ 
dures. 

In  addition  to  the  general  operations 
procedures  required  by  §  1910.421,  em¬ 
ployers  engaged  in  diving  operations  shall 
comply  with  the  following  specific  op¬ 
erations  procedures  contained  in  this  sec¬ 
tion. 

(a)  Self-contained  diving.  (1)  The 
communications  required  by  paragraph 
(q)  of  §  1910.421  need  not  be  provided  for 
an  employee  engaged  in  a  self-contained 
diving  operation  who  is  accompanied  by 
^another  diver  (buddy) ,  or  who  can  com¬ 
municate  with  the  surface  tender 


through  a  safety  line  using  pull  signals. 

(2)  The  planned  time  of  a  self-con¬ 
tained  diving  operation,  including  de¬ 
compression  time,  shall  not  exceed  the 
air  supply  duration  of  the  cylinders 
(without  regard  to  the  reserve  emergency 
cylinders) . 

(3)  The  cylinder  pressure  shall  be  de¬ 
termined  immediately  before  each  dive. 

(b)  Surface-supplied  diving.  (1)  The 
employer  shall  assign  a  sufficient  number 
of  employees  to  each  diving  operation  to 
ensure  the  safety  and  health  of  the  em¬ 
ployees  engaged  as  divers  and  to  make 
possible  effective  response  in  case  of  an 
emergency. 

(2)  The  depth  of  each  dive  shall  be  de¬ 
termined  prior  to  the  start  of  operations. 

(c)  Saturation  diving.  The  employer 
shall  develop  and  include  in  the  safe 
practices  manual  an  evacuation  plan  for 
saturation  diving,  for  rescue  or  retrieval 
of  all  manned  HOPV’s  in  such  emergen¬ 
cies  as; 

(1)  Storms  or  blowouts,  requiring  evac¬ 
uation  of  the  work  site  (work  platform) ; 
or 

(2)  After  loss  of  power  which  affects 
the  ability  to  maintain  life  support 
systems. 

(d)  Mixed-gas  diving.  (1)  The  breath¬ 
ing  mixture  shall  be  composed  of  a  mix¬ 
ture  of  gases  that  is  physiologically  ap¬ 
propriate  for  the  depth  and  duration  of 
the  dive. 

(2)  Air  shall  not  be  used  as  the  breath¬ 
ing  mixture  for  dives  in  excess  of  220 
FSW.  Dives  between  190  FSW  and  220 
FSW  on  air  shall  be  limited  to  10  minutes 
bottom  time. 

(e)  Bell  diving.  (1)  A  minimum  of  2 
divers  shall  be  used  for  all  dives  where  a 
closed  diving  bell  is  used. 

(2)  The  employer  shall  develop  and  in¬ 
clude  in  the  safe  practices  manual  an 
evacuation  plan  for  rescue  or  retrieval  of 
the  bell  in  case  of  an  emergency  requir¬ 
ing  rescue.  A  standby  diver  shall  be  on 
site  to  attend  the  bell  at  the  surface  in 
an  emergency. 

(3)  (i)  Open  or  closed  bells  shall  be 
provided  and  used  for  al  dives  of  220  FSW 
and  deeper,  and  for  all  dives  which  re¬ 
quire  more  than  120  minutes  of  in-water 
decompression  time. 

(ii)  Closed  bells  shall  be  provided  and 
used  for  all  dives  of  300  FSW  and  deeper. 

(f)  Live-boating.  (1)  When  live-boat¬ 
ing,  a  protective  device  shall  be  installed 
to  prevent  the  hose  from  becoming  en¬ 
tangled  in  the  propeller. 

(2)  The  employer  shall  ensure  that 
divers  engaged  in  the  live-boating  opera¬ 
tion  carry  a  reserve  breathing  gas  supply. 

(3)  A  standby  diver  shall  be  available, 
in  accordance  with  paragraph  (1)  of 
5  1910.421,  for  all  live-boating  operations. 

Diving  Equipment  and  Systems 
§  1910.430  Cencral. 

Employers  engaged  in  diving  opera¬ 
tions  shall  ensure  the  use  of  tools,  equip¬ 
ment  and  systems  which  Comply  with  the 
requirements  of  this  subpart. 

§  1910.431  Helmets  and  masks. 

(a)  General.  (1)  All  open-circuit  hel¬ 
mets  and  masks  (except  oral-nasal) 
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shall  be  capable  of  ventilating  at  least 
4.5  cubic  feet  per  minute  (cfm)  of  gas 
when  supplied  at  the  pressure  recom¬ 
mended  by  the  manufacturer  of  the 
equipment. 

t2)  An  operating,  2- way,  audio-com¬ 
munication  system  shall  be  incorporated 
into  all  helmets  and  masks  used  for  div¬ 
ing  operations.  This  requirement  need  not 
be  met  in  the  case  of  a  SCUBA  diver 
(self-contained  diver)  who  is  accompa¬ 
nied  by  another  diver  (buddy),  or  can 
communicate  with  the  surface  tender 
through  a  safety  line  using  pull  signals. 

(b)  Surface-suppUed  helmets  and 
masks.  (1)  All  surface-supplied  helmets 
and  masks  shall  be  equipped  with  non¬ 
return  valves. 

(2)  Surface-supplied  helmets  and 
masks  used  in  salt  water  shall  be  made 
of  materials  resistant  to  corrosion  from 
salt  water. 

(3)  Surface-supplied  helmets  and 
masks  shall  seal  readily  and  positively 
and  be  capable  of  ventilating  at  least  4.5 
cfm  of  gas  when  supplied  at  the  pressure 
recommended  by  the  manufacturer  of 
the  equipment,  as  provided  in  paragraph 

(a)  (1)  of  this  section. 

§  1910.432  Dry  suits  (variable  volume). 

Dry  suits  or  similar  buoyancy  chang¬ 
ing  equipment  shall  be  equipped  with  ex¬ 
haust  valves  to  minimize  the  possibility 
of  blowup.  ^ 

§  1910.433  Gas  supply  hoses. 

(a)  Rating  of  gas  supply  hoses.  (1)  Gas 
supply  hoses  shall  have  a  rated  bursting 
pressure  of  at  least  4  times  greater  than 
their  maximum  working  pressure. 

(2)  In  no  case  shall  the  working  pres¬ 
sure  be  less  than  the  maximum  depth  of 
the  dive  (converted  to  pounds  per  square 
inch  (psi) )  plus  100  psi. 

(b)  Properties  of  gas  supply  hoses. 

Hoses  shall  be  kink  resistant  and  ca¬ 
pable  of  the  required  flow  rates  for  the 
system  used. 

(c)  Testing  of  gas  supply  hoses  and 
fittings.  (1)  Gas  supply  hoses  and  fittings 
shall  be  tested  at  least  annually  to  twice 
their  maximum  working  pressure  plus 
100  psi.  In  addition,  such  testing  shall  be 
done  after  each  exposure  to  rough  usage, 
or  unusual  conditions. 

(2)  Information  concerning  the  tests 
performed  on  gas  supply  hoses  and  fit¬ 
tings  shall  be  entered  in  the  equipment 
log  in  accordance  with  the  requirements 
of  §  1910.438. 

(d)  Marking  of  gas  supply  hoses.  (1) 
All  hoses  shall  be  marked  in  10  ft.  incre¬ 
ments  starting  at  the  diver’s  end,  up  to 
50  ft.,  and  at  50  ft.  increments  there¬ 
after,  to  enable  the  tender  to  determine 
l  ow  much  hose  is  payed  out. 

"(2)  Hoses  shall  not  be  used  for  deter¬ 
mining  depth.  A  pneumofathometer  or 
similarly  reliable  and  accurate  method 
shall  be  used  instead. 

(e)  Resistance  of  hose  fittings  to  salt 
t  niter.  All  hose  fittings  used  in  salt  water 
service  shall  be  made  of  materials  resist¬ 
ant  to  corrosion  in  such  a  medium,  such 
as  brass,  stainless  steel,  monel  or  other 
i  material  equally  resistant  to  corrosion. 

(f)  Design  of  hose  fittings.  The  con¬ 
nections  of  all  hose  fittings  shall  be  of  a 


type  that  cannot  be  accidentally  disen¬ 
gaged  from  the  compressor  or  gas  sys¬ 
tem. 

<g)  Protection  of  hoses.  All  gas  supply 
hoses  shall  be  taped,  capped  or  plugged 
when  not  in  use  to  prevent  foreign  mat¬ 
ter  from  entering  the  hoses. 

(h)  Oxygen  cleaning  of  hoses.  When 
oxygen  cleaning  is  necessary  to  prevent 
Ignition  of  ignltable  gases  or  other  mate¬ 
rials  within  the  hoses  with  oxygen,  when 
placed  into  use,  the  cleaning  process 
shall  be  described  in  the  equipment  log, 
in  accordance  with  S  1910.438.  Steps  shall 
be  taken  to  prevent  contamination  be¬ 
tween  the  time  of  cleaning  and  the  use 
of  the  equipment. 

§  1910.434  Air  compressors  and  systems 
for  respirable  air. 

— (a)  Volume  tanks  or  receivers.  Volume 
tanks  or  receivers  manufactured  after 
the  effective  date  of  this  subpart  and 
used  in  compressed  air  systems  for  re¬ 
spirable  air  shall  comply  with  the  design 
and  construction  requirements  of  the 
American  Society  of  Mechanical  Engi¬ 
neers  (ASME)  Boiler  and  Pressure  Ves¬ 
sel  Code,  Section  Vm,  Unfired  Pressure 
Vessels-1976.  Tanks  or  receivers  manu¬ 
factured  before  the  effective  date  of  this 
subpart  shall  be  maintained  in  conform¬ 
ity  with  the  code  requirements  to  which 
they  were  built.  Tanks  or  receivers  which 
are  subject  to  U.S.  Coast  Guard  approval 
procedures,  shall  be  used  only  if  they 
have  such  approval.  All  volume  tanks  or 
receivers  shall  be  equipped  with  a  check 
valve  on  their  inlet  side,  a  pressure  gauge, 
and  a  relief  valve  set  so  as  to  prevent 
pressure  buildup  in  excess  of  the  maxi¬ 
mum  working  pressure. 

(b)  Recording  of  maintenance  and  re¬ 
pairs  performed.  An  entry  shall  be  made 
in  the  equipment  log,  in  accordance  with 
§  1910.438,  of  all  maintenance  and  re¬ 
pairs  performed  on  the  compressors  and 
the  air  systems.  These  entries  shall  in¬ 
clude  such  information  as  belt  or  oil 
changes  on  the  compressor,  any  engine 
maintenance  or  repairs  performed,  or 
any  other  change  or  repair  to  any  part 
of  the  air  system,  such  as  a  filter  change. 

(c)  Air  purity  requirements.  Air  sup¬ 
plied  as  a  breathing  mixture  to  a  diver 
shall  not  contain  a  level  of  carbon  mo¬ 
noxide  greater  than  20  parts  per  million, 
or  a  level  of  carbon  dioxide  greater  than 
1,000  parts  per  million.  The  air  shall  be 
devoid  of  any  noxious  or  pronounced 
odor. 

(d)  Air  compressor  intakes.  All  air 
compressor  intakes  shall  be  located  in 
an  area  free  of  exhaust  fumes  and  other 
contamination.  The  air  intakes  of  air 
compressors  permanently  installed  in  an 
enclosed  space  shall  be  piped  externally 
to  a  source  clear  of  exhaust  fumes  and 
other  contaminants. 

§  1910.435  Human  occupancy  pressure 
vessels  (HOPV). 

(a)  General  HOPV  requirements. 
Human  occupancy  pressure  vessels 
manufactured  after  the  effective  date 
of  this  subpart  shall  conform  to  the  re¬ 
quirements  of  ASME  Boiler  and  Pres¬ 
sure  Vessel  Code,  Section  VIII,  Unflred 
Pressure  Vessels — 1976.  HOPV’s  manu¬ 


factured  before  the  effective  date  shall 
be  maintained  in  conformity  with  the 
code  requirements  to  which  they  were 
built.  HOPV’s  which  are  subject  to  U.S. 
Coast  Guard  approval  procedures  shall 
be  used  only  if  they  have  such  approval. 
They  shall  be  labelled  accordingly. 

(b)  Oxygen  piping  on  HOPV’s.  (1) 
Hard  piping  systems,  fittings,  and 
tubing  carrying  pure,  high  pressure  (up 
to  2500  psi)  oxygen  shall  be  made  of 
corrosion  resistant  metals,  such  as  cop¬ 
per,  brass,  300  series  stainless  steel,  or 
monel. 

(2)  HOPV  internal  oxygen  outlets 
shall  have  non-return  valves  or  shut-off 
valves. 

(3)  All  shut-off  valves  used  in  an 
oxygen  system  above  125  psi  shall  be  of 
the  slow-opening  type,  such  as  a  needle 
type  valve. 

(c)  Installed  oxygen  system.  On 
HOPV’s  with  installed  oxygen  decom¬ 
pression  systems,  a  means  shall  be  pro¬ 
vided  to  prevent  the  oxygen  concentra¬ 
tion  from  rising  above  25  percent  of  the 
atmospherio  content.  A  means  shall  also 
be  provided  to  enable  a  continuous  read¬ 
ing  of  the  oxygen  concentration  when 
the  HOPV  is  in  operation. 

(d)  Fire  protection.  All  HOPV’s  shall 
be  designed  and  equipped  to  eliminate 
internal  combustible  materials  and 
sources  of  ignition  to  the  extent 
feasible. 

(e)  Illumination.  All  HOPV’s  shall  be 
illuminated  to  permit  continuous  visual 
observation  of  the  diver  from  the  ex¬ 
terior. 

(f)  Anti-suction  device.  An  anti¬ 
suction  device  shall  be  installed  Inside 
the  HOPV  on  the  exhaust  outlet. 

(g)  Audio-communication.  An  operat¬ 
ing,  2-way,  audio-communication  shall 
be  provided  while  a  HOPV  is  in  opera¬ 
tion. 

§  1910.436  Depth  gauges. 

(a)  Testing  and  calibration.  (1)  Depth 
gauges  shall  be  deadweight  tested  or  cal¬ 
ibrated  against  a  master-reference  gauge 
every  six  months,  or  any  time  there  is 
reason  to  believe  they  are  not  function¬ 
ing  properly.  A  card  or  label  shall  be  at¬ 
tached  to  the  gauges  showing  date  of 
test  or  calibration. 

(2)  An  entry  shall  be  made  in  the 
equipment  log,  in  accordance  with 
8  1910.438,  identifying  the  gauges  tested 
or  calibrated  and  describing  the  type  of 
testing  or  calibration  performed. 

(b)  Installation  to  allow  checking. 
Depth  gauges  shall  be  so  installed  as  to 
allow  a  system  check  of  their  accuracy. 

§  1910.437  Compressed  gas  equipment 
(except  SCUBA  cylinders). 

(a)  Securing  of  cylinders.  Compressed 
gas  cylinders  shall  be  stored  in  a  well 
ventilated  area,  protected  from  heat,  and 
secured  from  falling. 

(b)  Protection  cap.  Compressed  gas 
cylinders  shall  have  a  protection  cap 
over  the  cylinder  neck  and  valve  when 
not  in  use. 

(c)  Pressure  regulator  (Oxygen).  Oxy¬ 
gen  systems  shall  employ  oxygen  com¬ 
patible  pressure  regulators  to  control 
flow. 
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§1910.138  Equipment  log. 

(a)  The  employer  shall  have  and 
maintain  an  equipment  log  in  which  at 
least  the  following  information  shall  be 
entered  * 

(1)  The  procedures  followed  in  testing 
gas  supply  hoses  and  fittings  and  the 
results  of  such  tests. 

(2)  The  procedures  followed  in  the 
oxygen  cleaning  of  hoses  and  the  meth¬ 
ods  and  materials  used  to  assure  clean¬ 
liness.  The  hoses  and  fittings  used  in 
oxygen  service  shall  be  identified  by  a 
tagging  system  or  similar  method. 

(3)  The  maintenance  and  repairs  to 
the  air  compressor  and  the  air  system. 

(4)  The  testing  and  calibration  of 
depth  gauges. 

<b)  For  each  entry  in  the  equipment 
log,  the  equipment  or  part  shall  be  iden¬ 
tified,  the  nature  of  the  work  shall  be 
described,  the  date  on  which  the  work  is 
performed  shall  be  noted,  and  the  indi¬ 
vidual  performing  the  work  shall  sign 
and  print  his  name  together  with  the 
name  and  address  of  the  company  or 
employer  by  whom  he  is  employed. 

(c)  The  equipment  log  shall  be  kept  by 
the  employer  for  a  period  of  at  least  5 
years. 

I  ' 

Recordkeeping  Requirements 

§  1910.440  Recording  and  reporting. 

(a)  Recording.  The  recording  of  occu¬ 
pational  injuries  and  illnesses  by  em¬ 
ployers  shall  be  in  accordance  with  the 
requirements  of  29  CFR  Part  1904. 

(b)  Reporting.  (1)  The  employer  shall 
report  to  the  Area  Director  of  the  Occu¬ 
pational  Safety  and  Health  Administra¬ 
tion,  U.S.  Department  of  Labor,  the  oc¬ 
currence  of  any  of  the  following  employ¬ 
ment  related  accidents,  injuries,  or  ill¬ 
nesses: 

(1)  Any  fatality: 

(ii)  Any  hospitalization  of  five  or  more 
employees ; 

(iii)  Any  injury  or  illness  to  any  diver 
requiring  72  hours  or  more  hospitaliza¬ 
tion; 

(iv)  Any  injury  or  illness  to  a  diver  re¬ 
quiring  at  least  5  days  treatment  by  an 
attending  physician; 

(v)  Decompression  sickness  with  ves¬ 
tibular  or  central  nervous  system  dys¬ 
function. 

(2)  The  report  shall  be  made  within 
48  hours  after  the  occurrence.  It  may  be 
either  oral  or  in  writing,  by  telephone  or 
telegram.  The  report  shall  relate  the  cir¬ 
cumstances  of  the  accident,  the  number 
of  fatalities,  and  the  extent  of  any  in¬ 
juries  or  illnesses.  The  Area  Director  may 
require  such  additional  report,  in  writing 
or  otherwise,  as  he  deems  necessary  con¬ 
cerning  the  accident. 

§  1910.441  Availability  of  records. 

(a)  Inspection  of  records.  Upon  the  re¬ 
quest  of  an  authorized  representative  of 
the  Assistant  Secretary  for  Occupational 
Safety  and  Health,  the  employer  shall 
make  available  for  inspection  and  copy¬ 
ing  any  manual,  written  instruction,  rec¬ 
ord,  or  log  that  is  required  to  be  kept  by 
this  subpart. 
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(b)  Transfer  of  records.  In  the  event 
the  employer  ceases  to  do  business,  the 
successor  employer  shall  receive  and  re¬ 
tain  all  records  required  to  be  maintained 
by  this  subpart. 

Appendix  A — Memorandum  of  Understand¬ 
ing  Between  the  Occupational  Safety  and 
Health  Administration  of  the  Depart¬ 
ment  of  Labor  and  the  United  States 
Coast  Guard  of  the  Department  of  Trans¬ 
portation 

This  Memorandum  of  Understanding  is  en¬ 
tered  Into  by  the  Occupational  Safety  and 
Health  Administration  (OSHA),  Department 
of  Labor,  and  the  United  States  Coast  Guard 
(USCG),  Department  of  Transportation. 

I.  purpose 

This  Memorandum  of  Understanding  U  en¬ 
tered  into  for  the  purpose  of : 

(1)  Providing  the  basis  upon  which  OSHA 
and  the  USCG  shall  cooperate  on  occupa¬ 
tional  safety  and  health  matters  pertaining 
to  diving  operations; 

(2)  Implementing  and  enforcing  the  OSHA 
Emergency  Temporary  Standard  (ETS)  on 
diving  operations,  to  be  published  in  June 
1976,  issued  pursuant  to  Section  6(c)  of  the 
Occupational  Safety  and  Health  Act  (the 
Act),  29  USC  655: 

(3)  Coordinating  logistical  support  nec¬ 
essary  to  the  proper  conduct  of  ETS  regula¬ 
tory  activities; 

(4)  Providing  a  procedure  for  interagency 
consideration  of  questions  of  respective 
Agency  responsibilities  which  may  arise  in 
the  course  of  administering  the  ETS; 

(5)  Providing  for  a  tentative  Joint  rule- 
making  procedure  for  developing  permanent 
standards  (regulations)  for  diving  opera¬ 
tions. 


ii.  implementing  procedures 

(1)  General,  a.  The  Assistant  Secretary  of 
Labor  for  OSHA  and  the  Commandant  of 
the  USCG  shall  each  designate  one  senior 
official,  who  shall  be  responsible  for  coordi¬ 
nating  and  effectuating  the  provisions  of  this 
Memorandum. 

b.  Each  Agency  shall  establish  procedures 
for  the  dissemination  to  the  other  Agency  of 
Information  and  documents  pertinent  to  en¬ 
forcement  of  the  ETS. 

(2)  Enforcement  of  ETS:  a.  Inspections  of 
work  sites  involving  vessels  Inspected  by  the 
USCG,  deepwater  ports,  and  artificial  is¬ 
lands  and  fixed  structures  on  the  Outer  Con¬ 
tinental  Shelf,  shall  be  made  Jointly  by  per¬ 
sonnel  from  each  Agency.  Citations  Issued  by 
OSHA  for  violations  of  the  ETS,  and  pro¬ 
ceedings  on  these  citations  shall  be  pursuant 
to  the  Act  and  implementing  regulations. 

b.  Accident  and  complaint  investigations 
shall  have  priority  over  general  scheduled  in¬ 
spections. 

e.  Inspection  scheduling  shall  be  coordi¬ 
nated  between  the  Agencies  by  the  OSHA 
area  director  and  the  local  USCG  Offlcer-ln- 
Charge,  Marine  Inspection. 

d.  Inspections  of  all  other  work  sites 
covered  by  the  EtTS  made  Jointly  by  compli¬ 
ance  officers  from  each  Agency,  except  where 
at  the  determination  of  the  USCG  such 
USCG  personnel  are  not  readly  available. 

.  e.  No  advance  notification  of  inspections 
shall  be  given  to  the  employer/operator  of 
-affected  work  sites  except  where  notice  is 
necessary  to  assure  the  safe  arrival  and  de¬ 
parture  of  compliance  personnel. 

(3)  Logistics  and  Support,  a.  Pursuant  to 
14  USC  141,  the  USCG  may  provide  OSHA 
such  logistical  and  administrative  support 
as  may  be  required  to  implement  the  ETS. 

b.  When  access  to  an  offshore  worksite  is 
required,  the  USCG  may  furnish  transporta¬ 
tion  to  compliance  personnel.  When  in  the 
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Judgment  of  the  U.S.  Coast  Guard  District 
Commander  such  resources  are  not  reason¬ 
ably  available  because  of  other  Coast  Guard 
missions  of  higher  priority,  the  OSHA  area 
director  may  secure  transportation  from 
private  charter  sources. 

in.  interpretations  and  policy  development 

(1)  Interpretation  of  Memorandum:  a. 
Each  Agency  shall  interpret  its  assigned  re¬ 
sponsibilities  in  a  manner  which  best 
achieves  the  purposes  of  this  Memorandum. 

b.  In  the  event  a  dispute  arises  concern¬ 
ing  interpretation  of  this  Memorandum,  the 
matter  shall  be  brought  as  soon  as  possible 
to  the  attention  cl  the  OSHA  regional  Ad¬ 
ministrator  and  the  local  USCG  District 
Commander  for  resolution. 

c.  If  the  matter  is  unable  to  be  solved 
at  the  local  level,  it  shall  be  promptly  re¬ 
ferred  to  the  designated  senior  Agency  of¬ 
ficials,  who  shall  confer  and  seek  mutual  res¬ 
olution. 

(2)  Policy  Cordination:  a.  A  committee 
composed  of  three  representatives  of  each 
Agency  shall  be  established  to:  y 

(1)  Evaluate  regulatory  policy  of  the 
Agencies  with  respect  to  commercial  diving: 

(2)  Review  legislative  initiatives  af¬ 
fecting  the  scope  of  this  Memorandum,  and 

(3)  Coordinate  Agency  positions  regard¬ 
ing  legal  issues  raised  in  the  course  of  en¬ 
forcing  or  administering  the  ETS. 

IV.  PROCEDURE  FOR  PROMULGATING  A  PERMA¬ 
NENT  STANDARD  (REGULATION) 

(1)  General:  a.  To  the  maximum  extent 
possible  under  existing  statutes  and  regula¬ 
tions,  each  agency  shall  cooperate  fully  with 
the  other  to  promulgate  a  final  permanent 
standard  (regulation)  within  six  months 
from  the  effective  date  of  the  ETS. 

b.  Agency  resources  and  expertise  shall  be 
shared  and  exchanged  for  the  duration  of 
the  project. 

c.  All  relevant  information  and"  data  shall 
be  freely  exchanged. 

d.  Necessary  agency  clearances  and  ap¬ 
provals  shall  be  expedited  and  given  priority 
status. 

(2)  Conduct  of  the  Rulemaking  Procedure: 
a.  If  practicable,  public  activities  pursuant 
to  this  rulemaking  activity  shall  be  con¬ 
ducted  under  the  Joint  auspices  of  OSHA  and 
the  USCG. 

b.  To  the  maximum  extent  possible,  all 
documents  relevant  to  the  conduct  of  the 
rulemaking  proceedings  shall  be  Jointly 
developed. 

c.  Public  input,  including  opportunities 
for  hearings  and  comments  shall  be  maxi¬ 
mized  and  encouraged. 

d.  In  developing  and  scheduling  procedures 
for  the  conduct  of  this  rulemaking,  each 
agency  shall  satisfy  its  own  procedural 
requirements. 

e.  Every  effort  shall  be  made  to  obtain  a 
final  rule  which  is  mutually  satisfactory  both 
as  to  substantive  content  and  agency  Juris¬ 
diction. 

V.  LIMITING  PROVISION 

This  Memorandum  of  Understanding  shall 
be  limited  to  matters  pertaining  to  occupa¬ 
tional  safety  and  health  in  diving  operations. 

VI.  EFFECTIVE  DATE 

This  Memorandum  of  Understanding  shall 
take  effect  simultaneously  with  the  publica¬ 
tion  of  the  ETS  in  the  Federal  Register,  and 
shall  terminate  upon  the  effective  date  of 
Coast  Guard  standards  on  occupational 
safety  and  health  matters  pertaining  to  div¬ 
ing  operations.  This  Memorandum  may  be 
amended  at  any  time  by  mutual  written 
agreement  of  the  Agencies  and  may  be  termi¬ 
nated  by  either  agency  upon  thirty  days 
notice. 
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Dated:  June  9, 1976. 

O.  W.  Siler, 

Commandant,  V.S.  Coast  Guard, 
Department  of  Transportation. 

Dated:  June  9, 1976. 

Morton  Corn, 

Assistant  Secretary  for  Occupa¬ 
tional  Safety  and  Health,  De¬ 
partment  of  Labor. 

Appendix  B — British  Medical  Research 
Council  Techniques 

SKELETAL  RADIOLOGICAL  INVESTIGATION  FOR 
DIVERS 

The  basic  skeletal  survey  should  Include 
views  of  the  head  and  proximal  parts  of  the 
shafts  of  the  humerus  and  femur  on  each 
side  and  projections  of  each  knee  including 
the  distal  two-thirds  of  the  Bhaft  of  the 
femur  and  the  proximal  third  of  the  shaft 
of  the  tibia. 

The  early  demonstration  of  dysbaric  osteo¬ 
necrosis  demands  high  quality  radiographs 
which  clearly  demonstrate  the  bone  trabec¬ 
ulae.  This  will  require  the  optimum  screen/ 
film  combination,  an  adequate  ratio  grid  and 
a  focal  spot  size  of  1  or  15  mm.  A  smaller 
size  with  a  high-speed  rotating  tube  should 
be  used  if  this  is  available.  Gonad  protec¬ 
tion  should  always'be  used.  A  list  of  recom¬ 
mended  projections  and  specimen  radio¬ 
graphs  illustrating  these  views  should  be 
available  for  the  radiographer.  Where  pos¬ 
sible  the  radiographs  should  be  checked  be¬ 
fore  the  patient  leaves  the  X-ray  room  or 
Department  and  preferably  this  should  be 
done  by  the  radiologist  responsible  for  the 
interpretation.  It  is  of  considerable  advan¬ 
tage  to  have  the  surveys  done  in  as  few  cen¬ 
ters  as  possible  60  that  the  radiography 
technicians  become  closely  involved  in  the 
work  and  are  fully  aware  of  the  problems  in 
interpretation  and  the  need  for  high  quality 
radiographs. 

SHOULDER  JOINT 

The  objective  is  to  obtain  a  radiograph  of 
the  entire  articular  cortex  of  the  humeral 
head  in  unobscured  profile.  An  18  by  24  cm 
(10/8)  film  is  recommended.  An  antero¬ 
posterior  projection  of  each  shoulder  is  taken 
with  the  patient  lying  supine  and  the  trunk 
rotated  to  bring  the  scapula  on  the  6ide  to 
be  radiographed  flat  against  the  table  top. 
With  the  arm  in  the  supine  position  (palm 
up),  pulled  down  and  abducted  10*  the  beam 
is  centered  one  inch  (24.8  mm)  below  the 
tip  of  the  coracoid  process  of  the  scapula.  The 
beam  should  be  collimated  by  bringing  In 
the  diaphragms  to  Bhow  only  the  head  and 
the  proximal  third  of  the  shaft  of  the  hu¬ 
merus.  This  view  should  show  a  clear  Joint 
space.  The  patient  should  hold  his  breath 
while  the  film  is  exposed. 

'  SHOULDER  JOINT  WITH  ARM  IN  INTERNAL 
ROTATION 

An  18  by  24  cm  (19/18)  film  is  recom¬ 
mended.  An  anteroposterior  projection  of 
each  shoulder  Joint  is  taken  with  the  patient 
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placed  in  a  supine  position  and  the  trunk 
rotated  to  bring  the  scapula  on  the  side  to 
be  radiographed  flat  against  the  table  top. 
The  humeral  head  is  then  Internally  rotated 
by  turning  the  forearm  to  the  prone  position 
(palm  down),  with  the  elbow  slightly  flexed 
and  the  humerus  abducted  approximately 
10°.  The  beam  is  centered  1  inch  (24.5  mm) 
below  the  tip  of  the  coracoid  process  of  the 
scapula.  The  beam  should  be  collimated  by 
bringing  in  the  diaphragms  to  show  only  the 
head  and  the  proximal  third  of  the  shaft  of 
the  humerus.  The  patient  should  hold  his 
breath  during  the  exposure. 

HIP  JOINT 

The  objective  is  to  obtain  a  radiograph 
demonstrating  the  head  of  the  femur.  To 
obtain  comparable  radiographs  at  serial  fol¬ 
low-up,  the  femoral  neck  should  be  in  a 
standard  position.  A  24  by  30  cm  film  (10/12) 
is  recommended.  A  separate  antero-posterior 
projection  of  each  hip  Joint  is  taken  with  the 
patient  placed  in  a  supine  position  and  the 
foot  on  the  side  under  Investigation  kept  at 
90°  to  the  table  top.  The  beam  should  be 
centered  over  the  head  of  the  femur,  that  is, 
1  inch  (24.5  mm)  below  the  mid  point  of  the 
line  Joining  the  anterior-superior  iliac  spine 
and  the  mid  point  of  the  upper  border  of  the 
pubic  symphysis.  The  beam  should  be  col¬ 
limated  by  bringing  in  the  diaphragms  to 
show  only  the  head,  neck  and  immediate 
subtrochanteric  area  of  the  femoral  shaft. 
The  edge  of  the  gonad  protector  should  be  as 
near  to  the  femoral  head  as  possible  but  not 
obscuring  it. 

KNEE  JOINT  - 

The  object  is  to  ensure  a  comparable  den¬ 
sity  between  the  lower  two-thirds  of  the 
femur  and  the  upper  third  of  the  tibia.  It  is 
recommended  that  the  kV  is  lowered,  the  mA 
raised  and  use  made  of  a  grid.  Two  projec¬ 
tions  are  used.  A  30  by  40  cm  film  (15/12)  is 
recommended  for  both.  An  antero-posterior 
projection  of  each  knee  is  made  with  the 
knee  extended  to  Include  the  lower  two- 
thirds  of  the  femur  and  the  upper  third  of 
the  tibia  and  fibula.  The  beam  should  be 
centered  at  the  level  of  the  upper  border 
of  the  patella. 

A  lateral  projection  of  each  knee  Joint  is 
made  with  the  patient  rotated  so  that  the 
lateral  border  of  the  knee  to  be  examined  is 
against  the  table.  The  opposite  leg  should  be 
positioned  so  that  a  line  through  both  an¬ 
terior-superior  iliac  spines  is  at  right  angles 
to  the  table  top.  In  this  way  the  projection 
of  thejmee  Joint  is  more  likely  to  be  a  true 
lateral.  The  field  should  Include  the  lower 
two-thirds  of  the  femur  and  the  upper  third 
of  the  tibia  and  fibula.  The  beam  should  be 
centered  at  the  level  of  the  upper  border  of 
the  patella. 

Should  there  be  doubt  in  the  diagnosis 
then  the  following  additional  views  may  be 
of  value. 

HIP  JOINT  WITH  LEG  IN  LATERAL  POSITION 

A  24  by  30  cm  (10/12)  film  is  recom¬ 
mended.  A  lateral  projection  of  the  hip  Joint 
Increases  the  potential  radiation  dose  to  the 
gonads.  However,  it  may  be  of  value  in  iden¬ 


tifying  an  early  lesion  particularly  when 
there  is  a  structural  failure  with  a  trans¬ 
lucent  subcortical  band.  A  separate  lateral 
projection  of  each  hip  Joint  is  taken  with 
the  patient  supine.  The  knee  and  hip  on  the 
side  to  be  examined  are  flexed  so  that  the 
foot  is  flat  on  the  table  top  directly  opposite 
the  other  knee.  The  thigh  is  then  abducted 
maximally  and  the  knee  supported  by  a 
sandbag.  The  beam  is  centered  over  the 
head  of  the  femur,  that  is,  1  inch  (24.5  mm) 
below  the  mid  point  of-  the  line  Joining  the 
anterior-superior  iHac  spine  and  the  upper 
border  of  the  pubic  symphysis.  The  pro¬ 
jection  should  Include  the  head,  neck  and 
immediate  subtrochanteric  region  of  the 
femur. 

FURTHER  COMMENTS 

The  gonads  must  always  be  protected 
from  ionizing  radiation  by  a  lead  shield. 
If  this  is  done,  estimation  of  the  radiation 
dose  received  by  the  patient  indicates  that 
the  basic  skeletal  survey  can  be  safely  re¬ 
peated  at  Intervals  of  six  months. 

It  is  debatable  whether  the  routine  sur¬ 
veys  should  include  the  additional  projec¬ 
tions.  However,  when  doing  this  type  of 
work,  it  is  not  always  practical  or  easy  to 
recall  a  man  for  a  repeat  or  extended  radio- 
graphic  examination.  In  this  situation  it  is 
worthwhile  to  Include  the  additional  projec¬ 
tions  as  they  may  help  to  indicate  more 
clearly  whether  or  not  an  abnormality  is 
present.  When  the  recall  is  easy  then  the 
survey  should  be  confined  to  the  basic  views. 

Probably  the  greatest  fault  lies  in  under- 
penetration  of  the  radiographs.  Because  of 
this  trabecular  detail  is  not  clearly  seen  and 
consequently  small  dense  areas  close  to  the 
Joint  surface  will  not  be  identified.  During 
the  process  of  repair  granulation  tissue  grows 
from  the  living  bone  into  the  necrotic  bone 
and  new  bone  is  laid  on  the  trabeculae  caus¬ 
ing  an  overall  increase  in  bone  bulk.  There¬ 
fore,  there  is  more  tissue  for  the  X-rays  to 
penetrate  and,  unless  the  kilo  voltage  is  in¬ 
creased  possibly  as  much  as  10  kV,  a  pale, 
underpenetrated  radiograph  will  result. 
When  this  happens  small  dense  areas  will  be 
identified  and  this  is  one  of  the  commonest 
causes  of  misinterpretation  and  failure  to 
Identify  osteonecrosis.  Other  difficulties  in 
interpretation  arise  from  malrotatlon  of  the 
shoulder  Joint  resulting  in  the  superior  bor¬ 
der  of  the  greater  tuberosity  appearing  as  a 
dense  layer  which  could  be  misinterpreted 
as  osteonecrosis.  Further  faults  will  arise 
from  Inadequate  projection,  exposure,  etc. 

Tomography  may  be  required  to  improve 
definition  particularly  in  the  femoral  head 
and  sometimes  in  the  humeral  head  where 
detail  is  obscured  by  overlying  bone.  In  gen¬ 
eral  however,  good  quality  radiographs  pre¬ 
clude  the  need  for  frequent  use  of  tomog¬ 
raphy. 

(Secs.  6(C),  6(c),  84  Stat.  1596,  1599  (  29 
U.8.C.  655,  667);  Secretary  of  Labor’s  Order 
No.  8-76;  29  CFR  Part  1911). 

Signed  at  Washington,  D.C.  this  9th 
day  of  June  1976. 

Morton  Corn, 

Assistant  Secretary  of  Labor. 
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